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EXEQUTIVE SUMMARY

As part of the Navy's Environmental Protection Program, a detailed bio-
lTogical survey of Pearl Harbor was conducted by the Naval Undersea Center.
At the time the survey commenced (fall 1971), 1ittle was known about the 1iv-
ing marine resources of that harbor. During the next year and a half, an in-
ventory of marine forms was produced which included a checklist of 393 posi-
tively identified species together with maps of the distribution of potential
bio-indicator species within the harbor. The effort brought biological know-
ledge of Pearl Harbor to a par with that of Kaneohe Bay which has been studied
by the University of Hawaii for many years.\ The Navy is now not only able to
respond with authority to questions concerning the biological condition of
Pearl Harbor often raised by federal and stite agencies, but also to take
advantage QI_EES,SEXIIE"“‘“t" research ng conducted by the University.

\wpln addition to the basic-}ield work, an efficient analytical procedure
was developed for the processing, interpretation and display of the large
amounts of data, both biological and physicochemical, obtained on environ-

mental ::t;fizjnghis analytical system was used in many ways. Internal con-

sistency in _the biological data was checked. Marine species having real
potenti s practical and cost-effective bio-indicators for Navy use were
separated from almost 400 possible candidate species; a reduction of almost
80% was achieved. Three promising bio-indicator systems were tested, one
using fish populations, one using micromollusca and one using fouling ani-
mals. A1l three systems were mutually consistent in mapping environmental
stress within the harbor. The field procedure, needed instrumentation and
data analysis techniques for each of these systems are fully described in
this report. A fourth system, using bottom animals, originally thought to
have great potential, was shown to be consistent with the other systems, but
too expensive and time-consuming for routine Navy use.

Data from a survey of water quality and of harbor sediments performed
by the Navy Civil Engineering Laboratory was also analyzed. Most of the
water quality data showed no useful relation to environmental condition as
determined by biological assessment; however, metallic content of the bot-
tom sediments did show reasonable agreement. Survey of the metallic con-
tent of sediments is neatly complimentary to a bio-indicator system using
micromollusca. Both have potential for determining past environmental con-
dition, an important factor in any impact assessment. Factor analysis of
the NCEL sediment data designated clearly a terrigenous and a shipyard "sig-
nature" in the metallic burdens. Many metals were shown to be highly cor-
related with one another; thus, cost savings in the chemical analysis are
possible. Furthermore, since the metallic content of sediments from San
Diego Bay, Pearl Harbor and Apra Harbor, Guam are shown to be very similar,
a combined chemical and biological survey system would appear to be appli-
cable to many harbors used by the Navy.

The power of the analytical system developed is shown by its applica-
tion to biologica! data collected from a bay on Hawaii never visited by the
NUC survey tcam. Analysis of this data reproduced exactly the distribution
of three aifferent biological communities described by the original survey
team. In addition, the analysis classified three sites which had been re-



ported as anomalies in the original survey and identified three additional dﬂ?é
environmental parameters not considered by the original survey team as the N6
probable reasons for the classification. This demonstration is particularly

important to the development of a Navy-wide system of environmental monitor-

ing and interpretation in which data variously collected and reported will

have to be analyzed. The basic concepts and procedures for such a system

have been developed and are fully described in this report. The Navy can,

therefore, develop a coordinated and consistent way of responding to various

different federal and state environmental regulations. The combined survey

and analytical procedure can also be used to demonstrate quantitatively en-

vironmental improvements resulting from Navy pollution abatement programs.

Additional work done in support of the biological survey has shown the
importance of ship activity as an oceanographic parameter in Pearl Harbor
and probably other shallow harbors. This demonstration is both new and of
great environmental interest since ships are shown to increase vertical mix-
ing and thus have some beneficial environmental effects. A possible inter-
action between ship-induced turbulence, bottom sediments and surface o1l
was also suggested in the analysis. While complete understanding of this
interaction was beyond the scope of the survey, proof of such a phenomenon
would be an important factor in the environmental management of heavily
utilized harbors. The knowledge that Navv operations can have beneficial
as well as detrimental effects on harbor environments is certainly useful
in its own right. Formalization of the Pearl Harbor circulation studies
also resulted in a mathematical model capable of predicting surface and
bottom currents in response to given wind, rainfall and tidal conditions.
No such model of the harbor existed prior to the NUC survey.

In summary, neither the general survey of bottom animals nor the
broadcast monitoring of numerous water quality parameters are recom-
mended since both are expensive and much of the water quality data ob-
tained 1s environmentally useless. Bio-indicator systems and sediment-
ary analysis show great promise as efficient and inexpensive methods of
monitoring marine environmental condition. A definite plan for con-
tinued development of these techniques as cost-effective survey methods
has evolved out of NUC's Pear! Harbor experience. Execution of this
plan will put the Navy in a position not only to respond precisely to
the intent of the Federal Water Pollution Control Act of 1972, but also
to do so at considerable savings in its current monitoring program.
There are signs that the Environmental Protection Agency is moving away
from the general collection of unanalyzed physicochemical data as proof
of compliance with regulations toward the true intent of the Federal
Water Pollution Control Act, which states as its objective “...to re-
store and maintain the ... biological integrity of the Nation's waters."
The findings of the Pearl Harbor Biological Survey have provided the
experience and the basic concepts needed to respond in an effective and
timely manner to these coming changes in federal policy.
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PEARL HARBOR BIOLOGICAL SURVEY
FINAL REPORT

Due to the fact that certain sections of the final report required
much longer processing times than others, the report was issued serially.
The first sections of the report were issued on 23 November 1973 and 20 April

1974.

Harbor Biological Survey report.

the dates when each section was issued follows:

1.0 INTRODUCTION ~ 23 Nov 73

2.0

3.0

4.0

SURVEYS - 30 Aug 74

2.1 FISH SURVEY - 23 Nov 73

2.2 BENTHIC SURVEY - 20 Apr 74

2.3 MICROMOLLUSCS - 20 Apr 74

2.4 PILING SURVEY - 30 Aug 74
PHYSICAL/CHEMICAL MEASUREMENTS - 30 Aug 74
3.1 SEDIMENT - 30 Aug 74

3.2 WATER QUALITY - 30 Aug 74

3.3 TIDES, RUNOFF AND CURRENTS - 20 Apr 74
3.4 SHIP ENERGY - 20 Apr 74

STATISTICAL ANALYSIS - 23 Nov 73

4.1 SEDIMENT - 23 Nov 73

4.2 WATER QUALITY - 23 Nov 73

4.3 FISH - 23 Nov 73

4.4 BENTHIC - 20 Apr 74

4.5 MICROMOLLUSCS - 20 Apr 74

4.6 PILING - 30 Aug 74

4.7 INTERCOMPARISONS - 30 Aug 74
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5.0 CONCLUSIONS - 30 Aug 74 %
REFERENCES CITED - found at end of each section
GLOSSARY - 30 Aug 74 -

INDEX - 30 Aug 74

APPENDIX A - FISH INVENTORY - 23 Nov 73

APPENDIX B - STOMACH ANALYSIS - 23 Nov 73

APPENDIX C - SHIP MOVEMENTS - 20 Apr 74

APPENDIX D - MISCELLANEOUS OBSERVATIONS - 20 Apr 74

APPENDIX E - CUMULATIVE CHECKLIST OF MARINE ORGANISMS - 30 Aug 74
APPENDIX F - MISCELLANEOUS FIELD OBSERVATIONS - 30 Aug 74

APPENDIX G - REPORT ON INVERTEBRATE KILL IN MIDOLE LOCH - 30 Aug 74
APPENDIX H - RED TIDE OCCURRENCE IN PEARL HARBOR - 30 Aug 74
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INTRODUCTION
BACKGROUND

Early in 1971 Pearl Harbor was designated as a pilot test study site
as part of the Navy Environmental Protection Data Base Program. This
pilot study was one of three initial studies throughout the United States
designed to test and evaluate methods of collection, analysis, storage,
and retrieval for environmental information as related to U.S. naval
facilities. Air, noise, water, sediment and biological base-line studies
were conducted as integral parts of the pilot study project. The Pearl
Harbor Biological Survey (PHBS) was conducted under inter-Navlab contract
by the Naval Undersea Center, Hawaii Laboratory (NUC/HL).

OBJECTIVES

The specific objectives of PHBS were:

- to establish a species checklist of resident marine organisms

- to determine the population sizes and geographical distributions
of selected resident marine organisms

- to establish a pollution rating index for selected resident
organisms

- to provide a statistical basis for evaluating the effects of
water quality changes on marine organisms.

- to prepare an instructive document on biological survey techniques.

The first four objectives have been completed and are presented in
this report. The instructive document entitled "Biological Survey
Techniques for Naval Facilities" was prepared separately.

SAMPLING CRITERIA

Surveys were undertaken at 10 biological sampling stations (bio-
stations) in Pearl Harbor, Oahu (Figure 1.0-1) to gather adequate base-line
data for fish, benthic and piling/intertidal communities. The number of
bio-stations was reduced from 17 to 10 in February, 1972, due to increased
field activities arising from a request by NCEL for additional replicate
sampling at each station within the constraints of available time, manpower
ana funds.

Each bio-station was selected (1) for its location near a suspected
pollutant source within the harbor and (2) to approximate a uniform
geographic distribution of stations throughout the harbor complex. The
frequency of each sampling activity was a function of the time available,
sampling priorities and special problems which arose during the study.

Fish surveys were conducted on a semi-regular basis throughout the study
period. Benthic sampling was conducted on an intensive basis during March
and April, 1972, but further sampling planned for the fall was precluded by
funding cuts. Piling samples were collected during May and November, 1972.

1.0-1
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PHBS STATION DESCRIPTIONS

Since various sampling activities were conducted at many locations
in Pearl Harbor, it is convenient to designate standardized nomenclature
for each type of sampling station. Biological sampling stations are
readily recognized by the initial letter "B", which distinguishes these
stations from other Data Base collection sites. The second letter following
the "B" describes the region within the harbor where the bio-station is
located: "E" = East Loch, "M" = Middle '.och, "W" = West Loch, and "C" =
Channel areas. Hence, BE-02 is biolog.cal sampling station number two
located in East Loch. The numerical designators indicate only the order in
which the original 17 bio-stations were established during an initial
survey of Pearl Harbor (Reference 1.0-1) done prior to Navy Environmental
Protection Data Base activity in the harbor. When the total number of
bio-stations was reduced to 10, the original numerical designators were
retained to maintain continuity with previously reported data. These 10
active bio-stations are: BE-02, BE-03, BE-04, BE-05, BM-07, BC-09, BC-10,
BC-11, BW-13 and BE-17.

To describe the bio-stations more completely, cross-sectional diagrams,
plan views and above water photographs for each station are incorporated
into this section. The plan views show approximate bottom contours at
each bio-statiun as well as the locations of each type of sampling
activity. Bottom contours are shown for 3, 5, 10, 15...40 foot depths
where appropriate. Drawings are not to exact scale, but are provided to
illustrate the general aspect of each bio-station. The general orienta-
tion of the cross-sectional diagrams is shown for all bio-stations in
Figure 1.0-2 and again in each set of bio-station illustrations.

Each bio-station is described separately in this section. Latitudes
and longitudes were taken from NAVOCEANO Chart N. 0. 19084, scale 1:12,500,
dated January 1971 (FOUO). A1l underwater visibilities are described for
a depth of eight to ten feet at each bio-station because surface waters
(first three feet) throughout the harbor are often quite turbid (visi-
bilities of less than six inches are common). Visibility is usually
greater below this surface layer, but on some occasions, visibility
throughout the water column is considerably reduced by such factors as
ship traffic, elevated wind conditions, or freshwater runoff (rain).
Values for exposure to ship traffic have been established using the
following criteria:

Light (L) = occasional small boat traffic (1 or 2 boats/day) and/or
seldom influenced by larger naval ships (up to 1 ship/week);

Moderate (M) = frequent small boat traffic (3-7 boats/day) and/or
occasionally influenced by larger naval ships (2-5 ships/week);

Heavy (') = nearly continuous small boat traffic (more than 8 boats/
day) and/or ‘frequently affected by larger naval ship traffic (more than
6 ships/week).

The category "small boats" includes vessels up to 90-100 feet in

length such as commercial tour boats, naval torpedo retrievers, and the
Ford Island ferry. "Larger naval ships" refers to ships of destroyer
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escort size (200-350 feet in length) and larger. The range at which ship
traffic physically affects a bio-station was selected on the basis of

field observations as 300 yards or less; there is significant ship influence
at all 10 bio-statiois.

For each bio-station, exposure to various specific environmental
insults (domestic sewage, industrial effluent, thermal exposure, oil,
and siltation) has been estimated on an arbitrary 0 to 5 scale, see
Table 1.0-1. These estimates were first based primarily on the proximity
of a specific source of insult but were then refined by means of careful
field observation over one full year. They are compared later in this
report (see Table 4.1-3 and Figure 4.1-6) with certain other statistically
derived parameters ranking degree of environmental insult.

Table 1.0-1. ESTIMATED ENVIRONMENTAL CONDITION
OF PEARL HARBOR BIO-STATIONS.

Intuitive Ship  Domestic Industrial Thermal
Station Ranking Traffic Sewage Effluent Exposure 0il Siltation

BE-02 4th M 1 1 0 1 2
BE-03 6th H 0 2 0 3 3
BE-04 10th H 2 2 0 4 3
BE-05 2nd M 2 0 0 2 2
BM-07 7th L 3 0 0 2 2
BC-09 3rd M 0 0 0 1 2
BC-10 8th H 0 2 5 3 2
8C-1 Ist H 5 0 0 1 1
BW-13 5th L 0 1 0 1 3
BE-17 9th M 3 5 0 3 4

Key: 0 = no observable insult, 1 = very low degree of insult, 2 = low
degree of insult, 3 = moderate degree of insult, 4 = high degree
of insult, and 5 = very high degree of insult.

Lastly, Table 1.0-1 sunmarizes an overall intuitive ranking of
the general biological status of each bio-station. In this ranking scheme
bio-stations are ranked from one to ten, with one being the environmentally
least stressed or most "healthy", biologically, and ten being the environ-
mentally most stressed station or most "unhealthy", biologically. Various
other rankings, both qualitative and quantitative, are presented in later
sections.

1.0-5



STATION BE-02. (Latitude 21°21'56"N, Longitude 157° 57'26"W).

Refer to Figure 1.0-3, opposite page. Shoreward of southeast end of pier
F-5 (on Ford Island), in the general vicinity of the USS Arizona Memorial.
Extends from shoreline to northwest corner of pier F-5. Water depth ranges
from 1 to 35 feet. Substrate types include: (1) vertical - concrete
pilings, rocks, mud/rock ledge (just below the rock rubble in Figure
1.0-3B) and metal debris; (2? bottom - sand, mud, rocks and silt.
Underwater visibility ranges from 2 to 12 feet, usually 8 feet. Ship
traffic is moderate: the Ford Island Ferry and numerous water transporta-
tion craft pass within 100 yards of the station at regular intervals;
larger naval vessels occasionally pass within 300 yards. Estimated degrees
of environmental insult include: very low amounts of domestic sewage,
industrial effluent and 0il1; a Tow amount of siltation is present.
Considering the overall biological status observed within the harbor,
bio-station BE-02 is ranked fourth in environmental quality. There exists
an abundant algal growth of the chlorophyte (Caulerpa verticillata) along
the sandy shallows (3-8 feet) of the shoreline.
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STATION BE-03. (Latitude 21°21'39"N, Longitude 157°57'06"W).

Refer to Figure 1.0-4, opposite page. Northwest erd of pier Y-3 (eastern

shore of the entrance to Southeast Loch). Extends from 100 feet under

pier out to channel bottom (about 20 feet out from pier Y-3). Water depth

ranges from 3 to 45 feet. Substrate types include: (1) vertical - concrete

pilings, rocks and rock ledge (just inside pilings as shown in Figure

1.0-4B); (2) bottom - sandy mud, rock rubble and silt. Underwater

visibility ranges from 2 to 8 feet, usually 6 feet. Ship traffic is heavy:

numerous naval ships of all classes move within the immediate vicinity of

station BE-03. Estimated degrees of environmental insult include: Tow .
amounts of industrial effluent; moderate influence of oil and siltation. C‘:
Considering the overall biological status observed within the harbor, ~ v
bio-station BE-03 is ranked sixth {n environmental quality. There is

considerable water motion from boat and ship traffi¢ (especially under the

pier); only sparse algal growth is present.

,
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STATION BE-04. (Latitude 21°21'20"N, Longitude 157° 56'48"W).

Refer to Figure 1.0-5, opposite page. Along the northern diagonal pier
face between piers M-2 and M-3 at Merry Point, located in Southeast Loch.
Extends from area under pier out to channel bottom. Water depth ranges
from 11 to 44 feet. Substrate types include: (1) vertical - concrete
pilings and a few wooden pilings; (2) bottom - mud, rocks, metal debris,
biogenic debris (mostly vermetid and calcareous worm tubes) and silt.
Underwater visibility ranges from 1 to 10 feet, usually 6 feet. Ship
traffic is heavy: numerous naval supply, MSTS, destroyer-type and foreign
ships of all classes move in the immediate vicinity, but at reduced speeds
due to the restricted maneuverability in. Southeast Loch. Estimated degrees
of environmental insult include: low amounts of domestic sewage and <ff}
industrial effluent (however, moderate amounts of shipboard wastes are
present); moderate siltation; chronically high levels of surface oil.
Considering the overall biological status observed within the harbor,
bio-station BE-04 is ranked tenth, or lowest, in environmental quality.
Benthic algal growth is very sparse; vermetid and sedentary polychaete
worm (dydroides norvegica) growth on the concrete pilings is botryoidal,

as seen in Figure 1.0-5B.
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STATION BE-05. (Latitude 21*22'18"N, Longitude 157°57'03"W).

Refer to Figure 1.0-6, opposite page. Northeast side of Mokunui Island
(near easternmost shore of Ford Island), East Loch. Extends from island
toward buoy "25" and south along rock/mud ledge (adjacent to concrete

block, Figure 1.0-6B) near buoy "23" (Figure 1.0-6C). Water depth ranges
from 4 to 42 feet. Substrate types include: (1) vertical - concrete block,
rock/mud ledge and metal anchor chain; (2) bottom - sandy mud, rock, mud,
shell debris and silt. Underwater visibility ranges from 1 to 10 feet,
usually 6 feet. Ship traffic is moderate: ships traveling around Ford
Island pass within 250 yards of the station; some harbor craft and tour
boats traverse the immediate vicinity of BE-05. Estimated degrees of
environmental insult include: Tlow amounts of domestic sewage, oil and
siltation. Considering the overall biological status observed within the
harbor, bio-station BE-05 is ranked second in environmental quality.
There is an abundance of algal/sponge growth in shallow (less than 10

feet deep) shell-debris and sandy-mud areas of station BE-05 (Figure 1.0-6C).
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STATION BM-07. (Latitude 21°22'40"N, Longitude 157°58'50"W).

Refer to Figure 1.0-7, opposite page. Includes the area within a 10-yard
radius of the wooden dolphin piling just north of the Noise Measurement
Facility, Middle Loch. Water depth ranges from 30 to 44 feet. Substrate
types include: (1) vertical - wooden pilings; (2) bottom - mud, organic
debris (under piling structure as shown in Figure 1.0-78) and silt. Under-
water visibility ranges from 2 to 12 feet, usually 8 feet (below the surface
turbid layer). Ship traffic is light: occasionally commercial "Aku"
boats (Hawaiian tuna fishermen seine "nehu" in Pearl Harbor and Kaneohe ‘:::
Bay for bait and then fish offshore waters) and harbor craft move in the -
vicinity of BM-07 (often between dolphin piling and public fishing pier,
Figure 1.0-7D). Estimated degrees of environmental insult include: Tow
amounts of oil and siltation; moderate amounts of domestic sewage (primary
treatment) from diffuser pipes emptying into Middle Loch near the Inactive
Ship Maintenance Facility (seen in Figure 1.0-7C). Considering the overall
biological status observed within the harbor, bio-station BM-07 is ranked
i§¥enth 1? environmental quality. No benthic algae have been observed at

s station.
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STATION BC-09. (Latitude 21°21'40"N, Longitude 157°58'34"W).

Refer to Figure 1.0-8, opposite page. Across channel from the west end

of Ford Island along the alignment of channel buoy "40" with the Ford

Island flight control tower. Extends from eastern shore of Waipio Peninsula

toward buoy "40" until typical soft channel bottom is reached. Water depth

ranges from 1 to 38 feet. Substrate types include: (1) vertical - none;

(2) bottom - sand, sandy mud, rock and silt. Underwater visibility ranges

from 1 to 8 feet, usually 4 feet. Ship traffic is moderate: ships of

a11 classes occasionally pass this station, however, usually at a distance

of over 300 yards; some small craft have been observed moving in the vicinity

of this station. Estimated degrees of environmental insult include: very »
low amounts of oi11; low amounts of siltation. Considering the overall : Cr
biological status observed within the harbor, bio-station BC-09 is ranked

third in environmental quality. Algal and sponge growth is very abundant

on the shallow sandy/rock shelf area near shore (located just ahead of

the diver, Figure 1.0-8B, or just shoreward of the vertical pipe, Figure

1.0-8C); people have often been observed gathering "1imu" (Hawaiian

term for edible algae) along the Waipio shoreline at bio-station BC-09.
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STATION BC-10. (Latitude 21°20'57"N, Longitude 157°58'11"N).

Refer to Figure 1.0-9, opposite page. Adjacent to the thermal outfall
from Naval Station Power Plant #3 located on Bishop Point northwest of
Dry Dock #4. Extends from the thermal outfall structure for a radius of
50 yards out into the main channel and along the rock ledges on either
side of the outfall structure. Water depth ranges from 12 to 45 feet.
Substrate types include: (1) vertical - concrete block, rock ledge, some
metal debris, (2) bottom - mud, rock, rock-rubble and silt. Underwater
visibility ranges from 2 to 10 feet, usually 6 feet. Ship traffic is
heavy: all ships entering/exiting Pearl Harbor pass within 250 yards of
this station; considerable water motion (especially from commercial tour
boats) has been observed. Estimated degrees of environmental insult
include: Tow amounts of industrial effluent and siltation; moderate

amounts of 011; a very high degree of thermal insult, especially affecting

the surface waters. Considering the overall biological status observed
within the harbor, bio-station BC-10 is ranked eighth in environmental
quality. There exists abundant sponge/algal growth along the rock ledge
area directly ahead of diver in Figure 1.0-98 ; only sparse amounts of
benthic algae have been observed along the sloping bottom areas (mostly
along the 20-40 foot contours, Figure 1.0-9C).
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STATION BC-11. (Latitude 21°19'41"N, Longitude 157°58'22"W).

Refer to Figure 1.0-10, opposite page. Southwest of Iroquois Point

Sewage Treatment Plant. Extends from shore along the sewage discharge
pipe about 40 yards into the entrance channel where the diffuser head

is located. Water depth ranges from 1 to 47 feet. Substrate types
include: (1) vertical - concrete block, rock ledge, metal pipe; (2)
bottom - sand, rock, rock/shell rubble and silt. Underwater visibility
ranges from 2 to 15 feet, usually 8-10 feet. Ship traffic is heavy: every
vessel entering or exiting Pearl Harbor must pass within 100 to 200 yards
of this station at speeds of 5-10 knots. Estimated degrees of environmental
insult include: very low amounts of o1l and siltation; very high levels
of domestic sewage (primary treatment) at diffuser, shown in Figure 1.0-108.
Considering the overall biological status observed within the harbor, bio-
station BC-11 is ranked first, highest in overall environmental quality;
however, it must be noted that the sewer outfall must cause a significant,
but as yet unquantified, departure from an open-ocean marine environment.
Algal/sponge/tunicate/sedentary polychaete worm growth is very abundarnt
along the rock ledge at this station (located beneath diver in Figure
1.0-10B); similar abundance exists on the metal diffuser pipe. Numerous
organisms associated with coral reef envirgnments have been sighted at or
collected from bio-station BC-11. From a biological standpoint, this
station is considered most unlike the other bio-stations in the harbor.
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STATION BW-13. (Latitude 21°21'01"N, Longitude 157°58'49"W).

Refer to Figure 1.0-11, opposite page. Station is located in West Loch
Channel and approximately 500 yards south of Kekaa Point on the western
shore of Waipio Peninsula, adjacent to the southernmost old wooden piers
(as shown in Figure 1.0-11C). Extends from shore about 40 yards into the
channel parallel to and approximately 25 yards south from the wooden pier.
Water depth ranges from 1 to 37 feet. Substrate types include: (1)
vertical - wooden pilings, rock ledge and metal sheet piling; (2) bottom -
sand, shell/rock rubble, mud and silt. Underwater visibility ranges from
1 to 15 feet, usually 7 feet. Ship traffic {s light; occasionally
ammunition barges, submarines and harbor craft pass within 300 yards of
station BW-13. Estimated degrees of environmental insult include: very
Tow amounts of industrial effluent and oi1; moderate amounts of siltation
are present. Considering the overall biological status observed within
the harbor, bio-station BW-13 {is ranked fifth in environmental quality.
There is abundant sponge/tunicate and oyster growth on the wooden pilings
and metal sheet piling at depths of 10 feet or less.
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STATION BE-17. (Latitude 21°21'19"N, Longitude 157°57'47"W).

Refer to Figure 1.0-12, opposite page. Located along the northeastern

end of Dry Dock #3 on the southern shore of South Channel, East Loch

(adjacent to the Pearl Harbor Naval Shipyard Facility). Radius of station

extends 25 yards from the pilings on north side of Dry Dock #2 to the

caisson for Dry Dock #3. Water depth ranges from 18 to 33 feet. Substrate

types include: (1) vertical - concretc wall, wooden pilings, metal debris

(numerous shipboard items on bottom as seen in Figure 1.0-12B); (2)

bottom - organic debris, mud and silt. Underwater visibility ranges from

2 to 10 feet, usually 5 feet. Ship traffic is moderate: mostly yard

craft and an occasional small ship or submarine entering Dry Dock #3 at -

very slow speeds. Estimated degrees of environmental insult include:

moderate amounts of domestic sewage and oil; high amounts of -siltation;

very high amounts of industrial effluent from the shipyard facility. X
Considering the overall biological status observed within the harbor, Cfij
bio-station BE-17 is ranked ninth in environmental quality. Very sparse -

algal growth has been observed at this station. Shipworms (Teredo sp.)

have been collected from wooden pilings at this station (seen at base of

piling shown in Figure 1.0-12B, beneath diver figure).
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The biological survey of Pearl Harbor was a continuously scheduled
activity from 1 November 1971 until 31 December 1972. Fish transecting,
netting, trapping and tagging constituted an intermittent activity over
this entire period. From mid-January to early April 1972, a series of bot-
tom samples were collected for an analysis of benthic organisms. During
May and June of 1972 and again in November of 1972, a series of piling sam-
ples were collected for analysis.,

These surveys are reported as separate sections: first, the fish sur-
vey, then the bottom survey divided into a benthic survey and a micromollus-
can survey, and lastly, the piling survey. In each section the collection
techniques are described in full, both a phyletic and_an alphabetic check-
1ist of positively identified organisms are given, and the distribution of
organisms within Pearl Harbor {s described. Pertinent biological observa-
tions are made, such as lengths, weights, or biomass of organisms. General
community structure as seen by the field biologist is summarized. No sta-
tistical treatment of the data is included, however, in these survey sections.
Statistical treatment of the biological survey data may be found in later
sections: fish data in Section 4.3, benthos in Section 4.4, micromolluscs
in Section 4.5 and piling conmunities in Section 4.5. The statistical anal-
ysis was performed by a different team of scientists using data supplied
to them by the field biologists. The separation permitted one set of data
to be analyzed while another set was being collected in the field.
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GENERAL INFORMATION

INTRODUCTION

The variety and distribution of fish species inhabiting Pearl Harbor
have been known locally for decades; however, quantitative documentation
of this resource has been lacking until recently. Data were gathered on
fish populations at ten bio-stations within Pearl Harbor during the period
1 November 1971 to 31 December 1972 as part of the Peari Harbor Biological
Survey. Utilizing a variety of sampling methods*, 90 spacies from 46 families
of fishes were collected or sighted during this study (Table 2.1-1). The
taxonomic arrangement of the checklist follows Greenwood, et al (Reference
2.1-1); computer address codes (Hawaii Coastal Zone Data Bank, the University
of Hawaii) and generalized feeding type are included for each species.’
Synonomies for species previously reported by the study (Table 2.1-2) have
been compared with the Hawaii Coastal Zone Data Bank (HCZDB) listings for
August 1973, and further verified (Reference 2.1-2) by Dr. John E. Randall
of the Bernice P. Bishop Museum, Honolulu, A reference presentation of ink
drawings with scientific, common, Hawaiian names and HCZDB numerical codes
for 87 Pearl Harbor fish species is provided as Appendix A. Additionally,
an alphabetical 1isting for all Pearl Harbor fish species is included (Table
z.1-3§ for further cross-referencing convenience. Individual species may
thus be located phyletically (Table 2.1-1) or alphabetically (Table 2.1-3);
ink drawings of all but three species are presented in phyletic order in
Appendix A. The HCZDB numbers listed in both Tabies 2.1-1 and 2.1-3 may
be used to find a phyletic 1isting by those unfamiliar with the sequence.
The HCZDB number (less the prefix 85 which simply desigrates fish) may be
determined from the alphabetic 1isting (Table 2.1-3), then by running down
the HCZDB column in Table 2.1-1, where these numbers appear in numerical
sequence, the phyletic location may be found.

METHODS

GILL NETS

Two sizes of gill nets were used throughout the study period: 1) at
bir-stations (8E-0Z, BE-05, BC-09, BC-11, and BW-13) having shallow water
depths, 125 x 7 foot nets with 3-inch mesh (stretch) were utilized; 2) at
bio-stations (BE-03, BE-04, BM-07, BC-10, and BE-17) with water depths
greater than 12 feet, 100 x 20 foot nets with 3-inch mesh (stretch) were
set along the 20-foot bottom contour to afford a more complete coverage of

(Text continued on page 2.1-8)

* Gi11 netting, trapping, underwater visual transecting and, to a lesser
extent, trawling, spearing, dip netting, hand collecting and handline
fishing.
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Table 2.1-1. PEARL HARBOR CUMULATIVE FISH SPECIES CHECKLIST

Classification | HCZDB #  Feeding Type

Chondrichthyes
Lamnida
Carcharhinidae
Carcharhinus limbatus (Valenciennes) 8516120503 c
Sphyrnidae
Sphyrma lewini (Griffith & Smith) 8516130101 C
Hypotremata ,
Myliobatidae
Aetobatus narinari (Euphrasen) 8517100101 c
Osteichthyes
Elopiformes
Elopidae
Elops hawaiiensis Regan 8521010101 - C
Albulidae
Albula vulpes (Linnaeus) 8521060101
Anguilliformes
Muraenidae
Gymnothorax flavimarginatus (Riippell) 8522050605
Gymmothorax petelli (Bleeker) 8522050611
Gymnothorax undulatus (Lacépéde) 8522050613
Congridae
Conger cinreus marginatus Valenciennes 8522120501
Clupeiformes

o

(] OO0

Engraulidae @
. Stolephorus purpureus Fowler 8525070101 c e
Salmoniformes
Synodontidae
Saurida gracilis (Quoy & Gaimard) 8531470201 c
Synodus variegatus (LacEpéde) 8531470304 o
Gonorynchiformes
Chanidae
Chanos chanos (Forsskdl) 8533060101 H
Lophiiformes
Antennariidae
Antemmarius chironectes Lacépéde 8541070302 c
Gadiformes
Carapidae '
Carapus margaritiferae (Rendahl) 8542120301 c
Atheriniformes
Hemiramphidae
Hemiramphus depauperatus Lay & Bennett 8544015301 c
Belonidae
Tylosurus erocodilus (Peron & LeSueur) 8544020301 c
Poeciliidae
Mollienesia latipinna LeSueur 8544130101 H
Beryciformes
Holocentridae
Myripristie murdjan (Forsski1) 8546180403 c
Flammeo sammara (Forssk31) 8546180501 c

2

o )
Ses
EAS

..'1

* Feeding types: C = carnivore, H = herbivore, 0 = omnivore; specific
data References 2.1-7. 2.1-2, and 2.1-4.
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Table 2.1-1. (Continued)

Classification

Gasterosteiformes

Aulostomidae

Aulostomus chinensis (Linnaeus)
Syngnathidae

Micrognathus ?edmondsoni (Pretschmann)

Scorpaeniformes

Scorpaenidae
Brachirue barberi (Eschmeyer & Randall)

HCZDB #

8549060101
18549120502

552010301

Seorpaenopsis diabolus (Eschmeyer & Anderson) B552010701

Scorpaena coniorta (Jenkins)

Perciformes

Kuhliidae :

Kuhlia sandvicensis (Steindachner)
Priacanthidae

Priacanthus cruentatus (Lacépéde)
Apogonidae

‘Apogon snyderi Jordan & Evermann

Foa brachygrammue (Jenkins)
Carangidae

Scomberoides sancti-petri (Cyvier)

Gnathanodon speciosus (Forssk!l)

Carangoidee gymmostethoides Bleeker

Caranxz ignobilis (Forsskdl)

Caranx melampygus Cuvier & Valenciennes

Caranx sexfasciatus Quoy & Gaimard

Caranx mate Cuvier & Valenciennes
Lutjanidae

Lutjanus fulvus (Bloch & Schneider)
Mullidae

Upeneus arge Jordan & Evermann

Mulloidichthye samoensis (Gﬁntherg

Mulloidichthye aurifiamma (Forsskal)

Parupeneus pleurostigma (Bennett)

Parupeneus porphyreus (Jenkins)

Parupeneus multifasciatus (Quoy & Gaimard)
Kyphosidae

Kyphosus cinerascens (Forsskdl)
Scorpididae

Mierocanthus strigatus (Cuvier&Valenciennes)
Chaetodontidae

Heniochus acuminatus (Linnaeus)

Chaetodon auriga Forsskdl

Chaetodon lunula (Lacépidde)

Chaetodon miliaris Quoy & Gaimard
Cichlidae

Tilapia mossambica (Peters)
Pomacentridae

Dascyllus albisella Gill

Abudefduf sordidus (Forsskdl) :

Abudefduf abdominalis (Quoy & Gaimard
Mugilidae

Mugil cephalus Linnaeus

2.]'3

552011101

8554140101
8554170101

8554180404
8554180701

8554290101

+ 8554290801

8554291001
8554291202
8554291204
8554291206
8554291207

8554380704

8554470101
8554470201
8554470202
8554470301
8554470303
8554470305

8554530101

18554530301

8554570502
8554570706
8554570708
8554570715

8554630101
8554640101
8554640201
8554640202

8555010201

- 0o O b =4 OO0 o x OO0 (] OOOOOOO o0 o o
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Table 2.1-1. (Continued)

Classification

Perciformes (Cont'd)
Sphyraenidae
Sphyraena barracuda (Walbaum)
Polynemidae
Polydactylus sexfilis (Cuvier & Valenciennes)
Labridae
Cheilio inermis (Forsskdl)
Labroides phthirophagus Randal)
Stethojulis balteatus (Quoy & Gaimard)
Scaridae
Calotomus spinidens (Quoy & Gaimard)
Searus sordidus Forsskal
Searus sp. (juvenile)
Blenniidae
Exallias brevis (Kner)
Entomacrodus marmoratus (Bennett)
Omobranchus elongatus (Peters)
Gobiidae
Oxyurichthys lonchotus (Jenkins)
Ctenogobius tongarevae (Fowler)
Bathygobius fuscus (Riippell)
Opua nephedes Jordan
Gnatholepis anjerensis (Bleeker)

Eleotridae .
Asterropteryx semipunctatus Ruppell

Acanthuridae
Acanthurus triostegus (Linnaeus)
Acanthurus olivaceus (Bloch & Schneider)
Acanthurus dussumieri (Cuvier&Valenciennes)
Acanthurus xanthopterus{Cuvier&Valenciennes)
Acanthurus mata (Cuvier)
Ctenochaetus strigosus (Bennett)
Zebrasoma flavescens (Bennett)
Zebrasoma veliferum (Bloch)
Nagso brevirostris (Cuvier & Valenciennes)
Naso unicornis (Forsskdl)
Zanclidae
Zanclus canescens (Linnaeus)
Pleuronectiformes
Bothidae
Bothus pantherinus (Riippell)
Tetraodontiformes
Monocanthidae
Pervagor spilosoma (Lay & Bennett)
Ostraciontidae
Ostracion mele.gris camurwn (Jenkins)
Tetraodontidae
Arothron hispidus (Linnaeus)
Canthigasteridae
Canthigaster coronatus (Randall P.C.)
Canthigaster jactator (Jenkins)
Diodontidae
Diodon hystrix (Linnaeus)
Dicion holocunth:a (Linnaeu:

2.1-4

8555030101
8555050101

8555070101
8555070401
8555071801

8555090102
86555090304
8555090320

8555340101
8555340301
8555340701

8555600201
8555600701
8555600802
8555601201
8555601301

8555605301

8555690101
8555690109
8555690110
8555690111
8555690112
8555690201
8555690301
8555690302
8555690403
8555690404

8555695101

8557080402

8558025201
8558030201
8558060302

8558065101
8558065102

8558080201
855880202

Feeding Type"
C
C
C
C
0
H
0
0
H
0
C
0
0
C
0
0
C
-4
H e
H
H
H
H
H
H
0
0
H
0
C
0
0
0
0
0 T
C AN
C
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Species

Abudefduf abdominalis
Abudefduf sordidus
Acanthurus dussumieri
Acanthurus mata
Acanthurus olivaceus
Acanthurus triostegus
Acanthurus xanthopterus
Aetobatus narinari
Albula vulpes
Antemmarius chironectes
Apogon snydert

Arothron hispidus

Asterropteryx semipunctatus

Aulostomus chinensis
Bathygobius fuscus
Bothus pantherinus
Brachirus barberi
Calotomus spinidens
Canthigaster coronatus
Canthigaster jactator

Carangoides gymnostethoides

Caranx ignobilis
Caranx mate

Caranx melampygus
Caranx sexfasciatus
Carapus margaritiferae
Carcharhinus limbatus
Chaetodon auriga
Chaetodon lunula
Chaetodon miliaris
Chanos chanos

Cheilio inermis .
Conger cinreus marginatus
Ctenochaetus strigosus
Ctenogobius tongarevae
Dascyllus albisella
Diodon holocanthus
Diodon hystrix

Elops hawaiiensis
Entomacrodus marmoratus
Exallias brevis
Flammeo sammara

Foa brachygrammus
Gnathancdon spectosus
Gnatholepis anjerensis

HCZDB#

54640202
54640201
55690110
55690112
55690109
55690101
55690111
17100101
21060101
41070302
54180404
58060302
55605301
49060101
55600802
57080402
52010301
55090102
58065101
58065102
54291001
54291202
54291207
54291204
54291206
42120301
16120503
54570706
54570708
54570715
33060101
55070101
22120501
55690201
55600701
54640101
58080202
58080201
21010101
55340301
55340101
46180501
54180701
54290801
55601211

Gymmothorax flavimarginatus 22050605

Gymmothorax petelli
Gymmothorax undulatus
Hemiramphus depauperatus
Heniochue acuminatus
Kuhlia sandvicensis
Kyphosus cinerascens

22050611
22050613
44015301
54570502
54140101
54530101

2.1-6

Table 2.1-3. AN ALPHABETICAL LISTING OF PEARL HARBOR FISH SPECIES

. Page 1in

Appendix A

A-10d
A-10b
A-13c
A-13b
A-13a
A-12h
A-13g
A-3g
A-4a
A-5g
A-7c
A-15¢g
A-12f
A-6e
A-12g
A-14h
A-6b
A-11d
A-15b
A-15d
A-7f
A-7h
A-8e
A-8a
A-8c
A-5b
A-3ab
A-9d
A-Sh
A-10a
A-5e
A-1le
A-4d
A-13d
N.S.
A-10g
A-15h
A-15f
A-3h
A-12¢
A-12a
A-6¢
A-79
A-7d
A-12d
A-4e
A-4g
A-4b
A-5d
A-9b
A-6h
A--9e

3



éégﬁ Table 2.1-3. (Continued)

| Page in
Species HCZDB# Appendix A
Labroides phthiro 8 55070401 A-11g
Lutjanus levua T 54380704 A-8g
Microcanthus strigatus 54530301 A-9g
Micrognathus ?edmondsoni 49120502 A-6g
Mollienesia latipinna 44130101 A-5h
Mugil cephalus 55010201 A-10h
Mulloidichthys auriflamma 54470202 A-8f
Mulloidichthys samoensis 54470201 A-8d
Myriprigtis murdjan 46180403 A-6a
Naso brevirostris 55690403 A-14e
Naso unicornie 55690404 A-14b
Omobranchus elongatus 55340701 A-12e
Opua nephodes 55601201 A-12b
Ostracion meleagris oamurum 58030201 A-15¢
Oxyurichthys lonchotus 55600201 N.S.
Parupeneus multifasciatus 54470305 A-9c
Parupeneus pleurostigma 54470301 A-8h
Parupeneus porphyreus 54470303 A-9a
- Pervagor spilosoma 58025201 A-15a
Qe Polydactylus sexfilis 55050101 A-11c
N Priacanthus cruentatus 54170101 A-7a
Saurida gracilis 31470201 A-5a
Searus sordidus 55090304 A-11h
Scarus Sp. (juvenile) 55090320 N.S.
Scomberoides sancti-petri 54290101 A-7b
Scorpaena coniorta 52011101 A-6f
Scorpaenopeie diabolus 520107061 A-6d
Sphyraena barracuda 55030101 A-11a
Sphyrna lewini 16130101 A-3cd
Stethojulis balteatus 55071801 A-11b
Stolephor.a purpureus 25070101 A-4h
Synodus variegatus 31470304 A-5c
Tilapia mossanbica 54630101 A-10c
Tylosurus crocodilus 44020301 R-5f
Upeneus arge 54470101 A-8b
Zanclus canescens 55695101 A-144
Zebrasoma flavescens 55690301 A-13h
Zebrasoma veliferum 55690302 A-i4a

N.S. = Not Shown
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the water column. A small mesh (1 3/4 inch) net was tested at the beginning
af the study but was discontinued because of relatively low numbers of fish
captures. Fishes caught in the 3-inch mesh ranged from "nehu" (Stolephorus
purpureus), measuring 1 3/4 inches (fork lengthg to an "awa" (Chanos chanos),
31 inches (fork length) and weighing over 10 pounds. Considering the size
ranges of fishes caught, the 3-inch net is believed to be an adequate sampling
device for this and further studies in estuarine environments.

The physical deployment of gill nets in relation to the adjacent shore-
line was dependent upon the bottom configuration at each station, but nets
were generally set in a position parallel to the shore (Figure 2.1-1).
Several plastic 1-gallon containers were tied to the float line, giving
the net additional buoyancy to aid in maintaining a full "curtain" of net.
Chain links or bound rocks were tied off at each end of the lead line to
anchor the net in position.

Initially, all gill nets were set for a period of 24 hours, but fish
caught in the nets for this period were often eaten by crabs, eels, sharks,
etc., and the stomach contents of those fishes that were not eaten had often
deteriorated by the time the nets were recovered. Therefore, in all later
samples (including those for fish stomach content analyses), nets were set
overnight for a period of 15 to 18 hours. Nets were set in a variety of
orientations relative to the shoreline at each bio-station to sample more
effectively the "nettable" fish in the area.

FISH TRAPS

Funnel-entrance fish traps were also employed at all bio-stations.
Each trap measured 4 x 3 x 1 1/2 feet and was constructed of 3/4-inch
medium gauge galvanized poultry wire covering a 3/16-inch metal rod frame
(Figure 2.1-2?. The top of each trap was covered with palm fronds prior
to being set as this additional cover yielded higher catches for tagging
purposes and helped conceal the trap from surface detection* at shallow
depths. Fish traps were set without bait for a period of three days (or
approximately 72 hours) prior to being retrieved. Fish were removed from
each trap by hand dip rets; access into the trap was available through a
hinged (1-foot square) door located in the end opposite the funnel entrance.

Beginning in May 1972, all fish collected in traps (except those which
were dead or obviously unhealthy) were tagged and released. Fish tagging
procedures were adapted from techniques utilized by Hawaii Division of Fish
and Game. Specific construction of the tags and methods of handling and
tagging fish have been described previously (Reference 2.1-5); however, due
to the limited distribution of this interim report, the methods are again
briefly described. In the tagging operation fish were transferred from the

(Text continued on page 2.1-11)

* Several instances of tampering with fish traps were suspected during the

study; two gill nets were stolen, one at bio-station BE-02 and one at
bio-station BM-07.

2.1-8
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B DEEPER WATER

Figure 2.1-1.

TYPICAL GILL NET FOR (A)
SHALLOW WATER AND (B)
DEEPER WATER BIO-STATIONS
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TYPICAL FISH TRAP USED BY PHBS SURVEY
TEAM (NOTE PALM FRONDS ON TOP OF TRAP)
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trap to an aerated holding tank by means of a hand dip net. Fish were

again transferred in groups of one to three, depending upon size and species,
to an anesthetizing tub containing 1/2 teaspoon of MS-222 (ethyl-m-amino-
benzoate methanosulfonate) per galion of sea water. After two or three
minutes, most species collected (moray and conger eels excepted) were
sufficiently anesthetized to be handled without harm. An anesthetized fish
was placed on a foam rubber mat, measured (fork lengths in most cases) and
inspected for general condition. For most species, a 1/4-inch incision was
made through the ventral musculature into the coelomic cavity at a point just
posterior to and below the pectoral girdle. A prepared tag was then inserted
through the incision in such a manner that loss or removal of the tag was
prevented by the stomach wall and muscle layer, which offered resistance to
the internal disc tag (Figure 2.1-3). The prepared fish tag consisted of

an internal oval anchor disc (Howitt Plastic Company) connected to a vinyl
tag tube (Floy Tag Company) by means of a beaded plastic line (Secur-A-Tach).
After tagging, the fish were placed in a recovery tank containing aerated
sea water. Five minutes was usually sufficient time for complete recovery
from the effects of anesthesia and handling.

VISUAL TRANSECTS

, Underwater visual transects were conducted at all bio-stations through-
out the study period in order to quantitate existing fish populations.
Accurate fish transects were contingent upon optimal water clarity at a
given station; when such conditions prevailed, transects were conducted

for a distance of 20 meters (66 feet). This distance was chosen in order
to remain within the limits of each bio-station. Two diving biologists,
swimming either side by side or one above the other, recorded all underwater
observations on plastic slates (number of individuals per species and esti-
mated lengths). Distances between the divers (generally from 6 to 12 feet)
were dependent upon the range of visibility for each transect. Individual
counts were made by each diver; however, total counts for a transect (summing
both divers' observations) are presented in the data/results section. By
establishing predetermined angular restrictions on counting areas for each
diver, duplicate counting of the same fish was minimized. ‘"Identifiable
visibility" was recorded for all fish transects conducted and is defined to
mean: "The maximum distance through the water column where a stationary or
slow moving fish (larger than 4 inches in length) can be readily identified
to species by a competent diving biologist, i.e. one familiar with the fish
fauna in the study area." The visibilities sa radius, in feet, for the arc
of identifiable visibility from the observer) for fish transects reported

in the data/results section are either 10 feet (5 feet on either side of
the transect line) or 5 feet (2} feet on either side of the transect line),

respectively, Cryptic species* of fishes (i.e. gobies, blennies, eleotrids
and juveniles of various species) were excluded from transect counts because,

(Text continued on page 2.1-13)
*Cryptic species are those fish species not easily observed due to behavior,

habitat or coloration; often secretive, small (several inches or less)
benthic forms.
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TAGGING A SOFT PUFFER
(AROTHRON HISPIDUS)

A TAGGED MORAY EEL
(GYMNOTHORAX FLAVIMARGINATUS)

TYPICAL FISH TAGGING OPERATIONS

Figure 2.1-3.
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as has been found by other researchers (Reference 2.1-6 and 2.1-7),
enumeration of cryptic species is usually inaccurate.

Additionally, numerous incidental observations were made while con-
ducting activities such as collecting bottom samples, setting and recovering
fish traps and gi1l nets, collecting piling samples, taking underwater
photographs, etc. These observations have been recorded and incorporated
into the species checklist and other tables in this report. These observa-
tions have provided an ample basis for qualitative estimates of fish popu-

lation composition at all bio-stations.

TRAWLING

As previously described (Reference 2.1-5), trawling was evaluated
using a 16-foot otter trawl at several locations in Pearl Harbor. This
method of sampling was discontinued after the initial tests because it was

ineffective and costly, and because it provided 1ittle additional useable
data for the survey.

SPEARING

Several fish species were collected with either a Hawaiian tri-prong
spear or a single rubber arbolete-type gun. However, collecting fish
specimens by spearing was only rarely done.

DIP NETS

Several species were collected by hand dip nets along the shoreline
while skin or SCUBA diving, or from the survey boat. Several times during
the survey, fish were found floating (dead) at or near a bio-station and

were collected using a dip net.

HAND COLLECTING

Through SCUBA diving, field personnel collected certain fish species
by hand or coaxed specimens into a nylon collecting bag. Usually, only
Juvenile, small or cryptic species were collected using this simple, yet

tedious, method.
HAND-LINE FISHING

Only one species, the mongoosefish (Cheilio inermis), was collected
using the hand-1line method.

2.1-13
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OTHER METHODS AND OBSERVATIONS

Several times during the survey catches from Aku boats or the National
Marine Fisheries Service vessel, Research Vessel Cromwell, were inspected
by the survey team. Also, boat- and/or shore-bound recreational fishermen
were interviewed to observe what species were being caught. While these
observations provided no significant additions to the species checklist,

they did provide data on general areal distributions for certain fish species.

METHODS NOT EMPLOYED

Neither bedch seines nor poison stations were utilized during the fish
surveys. A paucity of available seining areas (i.e. gently sloping shore-
lines relatively free from subsurface obstructions) precluded the use of
beach seines at most PHBS bio-stations. Poisoning was considered unnecessary
for the establishment of a valid fish species checklist, and its negative
aspects (non-selective marine organism mortality at poison sites and probable
unfavorable public reaction) rendered it unsuitable for this survey. Addi-
tionally, the lack of isolated or restricted locations within the harbor
which could be poisoned without seriously affecting adjacent areas further
precluded the use of this sampling method.

MEASUREMENTS

Fish lengths (to the nearest 1/8 inch) and weights (to the nearest 1/10
pound) were recorded throughout this survey. Lengths were measured for all
fishes collected and were estimated -for those sighted on visual transects.
For sharks, rays, and members of the families Muraenidae, Congridae, and

Carapidae, TOTAL lengths were recorded. FORK lengths were measured for all
other fish species.

To expedite their return in a viable condition, only length measurements
were obtained for fishes collected in traps and subsequently tagged and
returned. However, estimated weights were computed for trapped and sighted
individuals from calculated weight-length conversion coefficients. These

species-specific conversion coefficients were computed from available data*
using the following equation:

n

where W = measured weight (pounds), L = measured length (inches), and n =
number of individuals. These coefficients were then used in conjunction with

* Where adequate additional weight-length data for fishes were collected by
PHBS, the older Hawaii Division of Fish and Game coefficients were updated.
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observed lengths to estimate fish weights from the following form of
Equation 1):

W= k(L) (2)

An updated listing of weight-length conversion coefficients for 63
species of Pearl Harbor fishes is provided in Table 2.1-4. Where two
conversion coefficients are presented for a single species, the coefficient
based on the larger number of individuals (n) was used. Species for which
no conversion coefficients exist were necessarily omitted from weight
computations. These species were, by definition, rare and their omission
from the weight/transect computations is not considered significant.

Some of the differences between the weight-length coefficients from
equivalent numbers of individuals by both Hawaii Division of Fish and Game
and PHBS may reflect actual differences between separate populations of a
single species of fish. The Fish and Game data were computed from reef
areas, mostly along leeward Oahu, while all PHBS data were from fishes
collected within Pearl Harbor. It seems entirely possible that a species
of fish may have quite different growth rates in Pearl Harbor versus the
open coast reef flat areas.

DATA/RESULTS
CATCH DATA

Ninety species of fishes from 46 families were recorded by this study

| in Pearl Harbor during the period 1 November 1971 through 21 December 1972.

An alphabetical 1isting of these species and their method of collection or
observation is presented in Table 2.1-5. Additionally, a 1isting of species
presence and numerical abundance at each bio-station is presented in Table
2.1-6. The notation "S" signifies those species which were sighted, but

not actually collected, at a particular bio-station.

Sixty-nine of these 90 species were actually collected by one or more
of the methods discussed under Sampling Methods and Equipment. For the two
primary methods of collection (i.e. gill nets and fish traps), the total
(all species) biomass recorded at each bio-station is presented in Table
2.1-7. These data were used to compute a catch-per-unit-effort (CPUE) in
1bs/hour for both collection methods. CPUE values are plotted in Figure
2.1-4. The plot suggests that two behaviorally different populations were
sampled, net-prone species and trap-prone species. This suggestion is
further supported by the fact that 1ittle overlap exists in the species
composition of fish collected by the two methods. While the two CPUEs are
not correlated (r = 0.18), a Student's t-test (Reference 2.1-8) indicates
a higher mean CPUE for gill netting at all bio-stations. The conclusion
that CPUE is higher for gill netting would be conservative since the average
set time was less than 24 hours. Figure 2.1-5 maps the CPUEs for gill
netting and shows a significantly reduced catch-rate in Southeast Loch, an
area experiencing the greatest naval activity. Catch-rate data for trapping
shows no such pattern, and therefore is not mapped (see Table 2.1-7).

(Text continued on page 2.1-27)
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Table 2.1-4. WE1GHT-LENGTh CONVERSION FACTORS FOR PEARL HARBCR FISH SPECIES
o _
Abudefduf abdominalis (.00080)-171
Abudefduf sordidus (.00063)-#
Acanthurus dussumieri (.00072)-21 *(.00110)-3
Acanthurus mata (.00123)-4 *(.00107)-30
Acanthurus olivaceus (.00068)-11
Aoanthurus triostegus (.00132)-113 *(.00157)-12
Acanthurus zanthopterus (.00102)-4 *(.00100)-23
Aetobatus narinari *(.00004)-3
Albula vulpes *(.00051)-15
Apogon snyderi (.00058)-142
Arothron hispidus (.00145)-10 *(.00136)-9
Aulostomus chinensis (.00006)-71 N
Brachirus barberi (.00075)=17 C:
Calotomus gpinidens (.00096)=1
Canthigaster coronatus (.00104)-3
Cavanz mate *(.00059)-6
Caranz melampygus (.00064)-# *(.00078)-25
Caranx sexfasciatus *(.00072)-18
Carcharhinus ZWW *(.,00015)-3
Chaetodon auriga (.00100)-26 *(.00152)-3
Chaetodon luwwla (.00124)-25
Chaetodon miliaris (.00119)-222
Chanos chanoe (.00060)-# *(.00050)-26
Cheilio inermis (.00021)-1
Conger cinreus marginatus (.00020)-40 *(.00021)-3
Ctenochaetus strigosus (.00094)-54

2
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Table 2.1-4. (Continued)

Dascyllus aldbisella (.00132)-65

Diodon hystriz (.00093)-#

Elops hawaiiensis *(.00028)-96

Flammeo sammara (.00057)-19

Foa brachygrammue (.00073)-92 *(.00067)-10
Gymmothorax flavimarginatus (.00004)-7
Gymnothoraz undulatus  (.00028)-60

Heniochus acuminatus (.00103)-4

Kuhlia sandvicensis (.00053)-3 *(.00085)-9
Kyphosus cinerascens (.00074)-5

Labroides phthirophagus (.00041)-3

Lutjanus fulvus *(.00067)-31 (computed fm F&G wts./lengths)
Mugil cephalus *(.00049)-74

Mulloidichthys aurifianma (.00044)-10
Mulloidichthys samoensis (.00039)-39 *(.00078)-13
Myripristis murdjan (.00082)-16 .
Naso brevirostris (.00070)-10 *(.00075)-2

Naso unicornis (.00064)-2 *(.00085)-3
Ostracion meleagris camurmum (.00157)-20
Parupeneus pleurostigma (.00045)-10

Parupeneus porphyreus (.00084)-15 *(.00088)-33
Parupeneus multifasciatus (.00081)-13

Pervagor spilosoma (.00082)-26

Polydactylus sexfilis *(.00063)-13

Priacanthus cruentatus (.00059)-33

Scarus sordidus (.00118)-114
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Table 2.1-4. (Continued)

Soomberoides sancti-petri *(.00033)-12
Scorpaena ooniorta (.00102)-6
Soorpaencpeis diabolus (.00109)-7
Sphymma lewini *(.00014)-30
Stethojulis baztéam (.00054)-6
Synodus variegatus (.00032)-7
Tylosurus orocodilus (.00004)-1
Upeneus arge (.00048)-# *(.00069)-4
Zanclus oanescens (.00102)-28
Zebrasoma flavescens (.00128)-28
Zebra veliferum (.00084)-1

&

() = Hawaii Division of Fish and Game computation

*() = Pear] Harbor Biological Survey computation

Note: The number following weight/length conversion
factor is the number of individuals (of a given
species) used for computation. The number symbol
(#) indicates that the weight/length conversion
factor was obtained from an older F&G 1ist of
constants where the number of individuals (n)
was not recorded.
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Table 2.1-5. PEARL HARBOR FISH SURYEYS: METHODS OF COLLECTION/OBSERVATION

P Species GiT1 Net Trap Various*  Sightings**
O35
oy Abudefduf abdominalis . X - c
Abudefduf sordidus - X - c
Acanthurus dussumieri X - - P
Acanthurus mata X X - D
Acanthurug olivaceus =========== = ccccac-ao X cocmccccee = ceaes R
Acanthurus triostegus X X - C
Acanthurus zanthopterus X X - D
Aetobatus narinari X - - R
Albula vulpes X - - -
Antennariug chironecte8 ~=~=-eee = ceccaccce = ceccccce-e BGecccccnnaa -
Apogon snydert - - HN R
Arothron hispidus - X HN D
Asterropteryx semipunctatus - - HN,BS TNTC
Aulostomus chinensis - - - R
Bathygobiug fuscug =======-e=c= = cecceeccc = coccccaa-- HN,BS <ca--- TNTC
Bothus pantherinus X - - R
Brachirus barberi - X HN P
Calotomus spinidens X - - -
Canthigaster coronatus - - - R
Canthigaster jactator =---=---- = cccccecc- = cemcecccce = ccacccacae R
Carangoides gymmostethoides X - - -
Caranx ignobilis X - - -
Caranx mate X - HN P
Caranx melampygus X X - D
) Caranx sexfasciqtug =-=-------- X cecccceen o cocccccccn o dcecddaaa. P
.j ~ Carapus margaritiferae - - BG -
== Carcharhinus limbatus X - - R
Chaetodon auriga X X - c
Chaetodon lunula - X - P
Chaetodon miliarig ==--=-=---=- X ccccacaea X cecccmcnncn = ccacccaaa C
Chanos chanos X - - -
Cheilio inermis - - HL -
Conger cinreus marginatus - X - P
Ctenochaetus strigosus - - - P
Ctenogobiug tongarevge =--=--ee = -ccecccee = comccccaa- HN cccmeeeae -
Dascyllus albisella - - - P
Diodon holocanthus - = - P
Diodon hystrix - - HN P
Elops hawaiiensis X - - -
Entonacrodus ma.moratus =------- = e-acecece = ccccceecees HN --ccceea- R
Exallias brevis - - BG -
Flammeo sammara - X - P
Foa brachygrammus - X HN TNTC
Gnathanodon speciosus - - = P
Gnatholepis anjerengig =------= = ceccecccce = ccccmecea- SA ceccecaaa =
Gymmothorax flavimarginatus - X - -
Gymmothorax petelli - - - R
Gyrmothorax undulatus - X - P
Hemiramphus depauperatus - - - P
, Hentochus acuminqtu8 ===--==ec= = cocccccae o cocccccece = cccccccena P
I Kuhlia sandvicensis X X - c
N Kyphosus cinerascens X - = -
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: Table 2.1-5.

Species

Labroides phthirophagus
Lutjanus fulvus

Miorocanthus strigatug =-----

Micrognathus ?edmondsoni
Mollienesia latipinna
Mugil cephalus
Mulloidichthys auriflamma

Mulloidichthys samoensis ---

Myripristis murdjan
Naso brevirostris
Naso unicornis
Omobranchus elongatus

Gi11 Net Trap Various* Sightings**

(Continued)

L L R — Y P —

Ostracion meleagris camurum
Oxyurichthys lonchotus
Parupeneus multifasciatus
Parupeneus pleurostigma

Parupeneus porphyreug =------

Pervagor spilosoma
Polydactylus sexfilis
Priacanthus cruentatus
Saurida gracilis

Searus eordidug ===~====e-=-

Searus sp. (juvenile)
Scomberoides sancti-petri
Scorpaena coniorta
Segrpaenopais diabolus

Sphyraena barracuda --------

Sphyrna lewni
Stethojulis balteatus
Stolephorus purpureus
Synodus variegatus

Tilapia mogsambicq ========e=== = =eccececceccc - coceccccea HN -eccecen-.

Tylosurus crocodilus
Upeneus arge
Zanclus canescens
Zebrasoma flavescens

Zebrasoma veliferum --eeeee-ee = ccccceccaa.

* Various secondary methods of collection:
BG = collected by hand and placed in divers bag
HN = collected with hand dip net
BS = collected in bottom sampler (incidental to benthic sampling)
HL = collected by hand-1ine fishing

SA = observed and identified during storach analysis of gill netted fish

SP = collected by spearing (using Hawaiian tri-prong spear)

** Code of relative abundance (from sightings only):

R = Rare ( 1-2 individuals &/or at 1 bio-station)

P = Present (3-6 individuals &/or at 2-3 bio-stations;

C = Common (7-15 individuals &/or at 4-6 bio-stations

D = Dominant (15+ individuals &/or at 7-10 bio-stations)
TNTC = Too Numerous “e Count (2t K-1C bfo-stacions)
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Table 2.1-6. FISH SURVEYS:
BI10-STATION IN PEARL HARBOR.

SPECIES
Abudefduf abdominalis
Abudefduf sordidus
Aocanthurus dussumieri
Aoanthurus mata
Acanthurus olivaosus
Acanthurus triostegus
Acanthurus zanthopterus
Aetobatus narinari
Albula vulpes
Antennarius chironectes
Apogon snyderi
Arothron hispidus

Asterropteryx semipunctatus
(TNTC**)

Aulostomur chinensis

Bathygobius fuscus (TNTC)

Bothus pantherinus
8rachirus barberi
Calotomus spinidens
Canthigaster coronatus

Canthtgzaster jactator

Carangoides gymostethoides

Caranc tgnobilis
Cararx mate

Caranz melampygus
Cararnz 3exfasctatus
Jaraz«a margari:ijeras
sarcAarainus limtatus
Tagecscion awriga
Thaezolon lunule
Jrzecsion mliarts
Jravse shanos

Trellic inermis

DATA FOR INDIVIDUALS COLLECTED (NUMBERS) AMD SPECIES SIGHTED (S) AT EACH
“-* INDICATES NOT SIGHTED OR COLLECTED.

Q-
25
25
n
16

21
25
25
17

n
25
25

18
25
22

25
26
18
18

25
24
17
20
21

™
1.5
1.8
2.3
1.8
2.8
1.0
1.2
0.9
1.9

2.3
0.6
1.5
2.7
1.8
1.8
1.2
2.7
2.8

1.5
1.4
1.8
1.8

0.9
1.4
1.9
1.6
1.0
2:7

BE-02

BE-03

-

14

3 8
8 &
s 4
- s
S
-
s 16
- s
189
s s
= 8
- s
-2
s 2
- R
- 5
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BM-07

“”» wn

BC-09

wn

N

12

v BC-10

22
13
33

8C-11

w o w v w

12

26

43

©“ Y BH-13

ARG ' 38 )

Total

o

13
k)|
19

52
22
7



'Table 2.1-6.  Continued

SPECIES

Conger cinreus marginatus
Ctenochastus strigosus
Ctenogobius tongarevase
Dasoyllus aldisella
Diodon holooanthus
Diodon hystriz
Elops haniiensis
Entomacrodus marmoratus
Exallias brevis
Flammeo sammara
Poa brachygrammus (TNTC)
Gnathanodon speciosus
Gnatholepis anjerensis
Gymothorax flavimarginatus
Gymothoraz petelli
Gymothoraz undulatus
Hemiramphus depauperatus
Heniochus acwminatus
Kuhlia sandviocensis
Kyphosus cinerascens
Labroides phthirophagus
Lutjows fulvus
Microoanthus ah:igam
Miorognathus ?edmondsont
Mollienisia latipimna
i Mulloidichthys auriflarma

Mulloidichthys samoensis

Mugil cephalus

Myripristis mudjan

Naso brevircetris

Raso unicornis

Omobranchus elongatus

Opwa nephodss

Ostracion meleagris camurum

15
18

16
13
13
25
10

1
25
20

1.8

1.8

1.8
2.1
24
1.5
2.4

2.3
1.5
1.6

2.1
2.4
1.2
1.8
2.8
1.5
2.7
2.7
1.9
2.7

T 2.6

1.8
1.2
2.3
1.8
2.7
2.3

2.7

BE-02

BE-03

BE-04

BE-05

BM-07

BC-09

* BC-10

o »w »nw un w

v & pgeoy)

' BW-13

(%]

BE-17

-

Total

-
w

14
74

14

R

o

-
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Table 2.1-6. Continued

SPECIES
Ozyurichthys lomchotus
Parupeneus multifasciatus
Parupensus pleurcstigma
Parupeneus porphyreus
Pervagor spilosoma
Polydactylus sezfilis
Priacanthus oruentatus
Saurida gracilis
Soarus sp. (juvenile)
Soarus sordidus
Socomberoides sancti-petri
Soorpasma coniorta
Soorpasnopeis diabolus
Sphyrasna barracuda
Sphyrna lewini
Srathojulis balt;oatuc
Stolephorus purpureus
Synodus variegatus
Tilapia mossambica
Tylosurus crocodilus
Upeneus arge
Zanclus oanescens
Zebrasom flavescens
Zebrasoma veliferum
Total individuals per
station (mean=136.7;
st.dev.=:62.5)

Total species per station
(mean=31.7;st.dev.»+16.7)

g 8 3 8 'i S = 5§ 2 2 3
Q f 8 8 8 & 8 8 &8 & & &2
- -2 - - - - - - - - - 2
n 23 - - - - - - - s - - -
n o223 - - - - - - s s - -
23 1.3 16 5S4 - 88 - 4 7 48 2 u 253
5 2.7 - - - - - - - S - - -
6 1.8 - - - - - 3 N - - - 14
4 28 - - - - - - - 1 - - 1
n 23 - s - - - - s 1 - s 1
- - s - - - - - - s s - -
5 2.7 - - - - - - - 1 - - 1
% 1.5 - - 2 9 s 2 - - - . 13
- L B - = = = X - 1 = - 1
- - - e - - - - - 1 - - 1
25 1.5 1 1 - s s S - s s - 2
% 09 4 2 3 3 23 W W S 2 - 90
4 20 S S - - - - - ] s - 1
% 1.5 3 - - S s - s - 8§ E 3
7 26 - - - - - - - s - - -
¥ 23 - - - - s - - - s - -
20 20 - - - - s - S - . . -
%5 1.5 3 - - 1 - 1 1 s - 19
n 23 - 5 - - - - s s - - .
% 1.8 S - - S - - - s s . .
% 1.8 - - - 1 - - - s s - 1

82 138 41 221 133 140 186 227 65 134 1367

N 29 w0 28 2 24 & 0 43 19

* Q =« environmenta) preference rating; f = preference strength; see text and

Table 2.1-15. Species without ratings hava not been sufficiently observed

for environmental preferences to be estimated.
** TNTC - too numerous to count

*** {ndicates juveniles collected with jellyfish, Mastigias papua

20]-23



Station

BE-02

BE-03

BE-04

BE-05

BM-07

BC-09

BC-10-

BC-11

BW-13

8E-17

Table 2.1-7.

Total .

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

Trap =
Net =

FISH SURVEY, CATCH-PER-UNIT-EFFORT

hrs

576
120

638
120

576
120

720
144

576
120

576
144

504
120

504
120

576
120

576
120

Total 1bs. Catch/unit effort (1bs/hr)
50.20 0.09
24.60 0.21
76.03 0.12
48.40 0.40
7.20 0.01
39.10 0.33
112.90 0.16
187.60 1.30
- 25.30 0.04
102.70 0.86 )

16.68 0.03 @
285.70 1.98
55.99 0.1
75.00 0.15

105.71 0.21 ‘
76.60 0.64
7.25 0.01
65.70 0.55
89.25 0.16
10.40 0.09

\
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TRAP (LBS/NR)

BE-04 . BW-13 .

2 4 8 8 18 12 14 18
GILL NET (LBS/HR]

Figure 2.1-4. COMPARISON OF CATCH-PER-UNIT-EFFORT BY FISH
. TRAPS AND GILL NETS AT 10 BIO-STATIONS IN

PEARL HARBOR
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Catch data for individual species collected more than three times are
listed in Table 2.1-8. Weight-length conversion factors have been calculated
for these 32 species, except nehu (Stolephorus purpureus) for which insuf-
ficient|weight data were obtained. Ranges and means for length and weight
data are presented for each species listed. Catch data for species rarely
collected (i.e. one or two individuals) are presented in Table 2.1-9. Loca-
tion, date and collection method, as well as length and weight data, are
given for each species.

TAGGING

PHBS began tagging fishes caught in fish traps on 4 May 1972 and re-
ceived its last recaptured fish on 1 May 1973. Except for July and August
1972, a monthly trapping and tagging schedule was carried out from May to
December 1972. During this period a total of 525 fish were trapped, tagged
and released in Pearl Harbor (Table 2.1-10). Only 41 of these tagged fish
were recaptured either by PHBS traps and gill nets or by sport or commercial
fishermen. Furthermore, over half the returns were from a single species,
Parupeneus porphyreus, a red goatfish highly prized as a food fish. In fact,
several tags from this species were returned from the Honolulu fish markets.

Long distance movements of tagged fish from the site of initial tagging
and release were sometimes observed. A notable example was a solitary soft
puffer, Arothron hispidus, which was tagged at bio-station BC-10 on 15 June
1972 and recovered from a fisherman at Heeia Pier in Kaneohe Bay on 10
September 1972 (Figure 2.1-6). This distance record might be explained as
follows: an "aku boat" may have inadvertently netted the tagged puffer
while seining for baitfish (nehu) adjacent to BC-10. Then, after leaving
Pear] Harbor and subsequently standing into Kaneohe Bay for fuel, the
bait tanks were "cleaned" (i.e. pumped over the side into the bay) and the
puffer was thus released near Heeia Pien, where it was finally caught.

During October and November 1972, P. porphyreus tagged at various sites
within Pear]l Harbor showed definite movements to points as distant as Sand
Island (Figure 2.1-6). Recaptures were made in January 1972 in the Fort
Kamehameha and Sand Island areas and in May 1972 in tne Ewa Beach area.
Although our data are insufficient, it seems likely that Pearl Harbor, like
Kaneohe Bay (Reference 2.1-9 and 2.1-10), is a breeding/nursery/feeding
ground fo» a number of species, including perhaps P. porphyreus, Sphyrna
lew.ni and Stolephorus purpureus. Also, it is important to note that
although a total of 74 individuals from three species of butterflyfishes
(Chaetodontidae) were tagged during this study, none were recaptured. As
a group, chaetodontids are generally small and somewhat "delicate" fishes
and the tagged individuals released in Pearl Harbor may have experienced
heavy tag-related mortality.

FISH TRANSECTS

Fish transects were conducted during August, September and October
1972. An attempt was made to perform these transects during periods of

~ (Text continued on page 2.1-34)
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Table 2.1-8. PEARL HARBOR: CATCH DATA FOR SPECIES WHERE THREE OR MORE
INDIVIDUALS WERE COLLECTED

Soectes eSO
Acanthurus dussumieri (.00022)(21)
Acanthurus mata **(,00107)(30)
Acanthurus olivaceus (.00068)(11)

Acanthurus triostegus (.00132)(113)
Acanthurus xanthopterus  *(.00100)(23)
*(.00004)(3)
*(.00051)(15)
*(.00136)(9)
(.00075)(17)

Aetobatus narinari
Albula vulpes
Arothron hispidus
Brachirmis barberi

Caranx mate *(.,00059)(6)

Caranx melampygus **(,00078)(25)
Caranx sexfasciatus *(.00072)(18)
Carcharinus limbatus *(.00015)(3)

Chaetodon auriga (.00100)(26)
Chastodon lunula (.00124)(25)
Chaetodon miliaris (.00119)(222)
Chanos chanos *(.00050)(26)

Conger cinreus marginatus (.00020)(40)
Elops hawaiiensis *(.00028) (96)
Gymnothoraz flavimarginatus(.00004)(7)
Gymmothorax undulatus *(.00009)(4)

Kuhlia sandvicensis *(.00085)(9)
Lutjanus fulvus (.00067)(31)
Mugil cephalus *(.00049)(74)

Mulloidichthys samoensis  (.00039)(39)

. tat,

4
40

~N W

12

4
74
14

2.1-28

i Length (in.)

. Range
12.00-6.00
1 11.00-4.50
8.25-6.50
7.25-3.25
13.75-3.50
149.00-40.50
17.50-11.50
| 11.75-4.75
4.76-4.21
9.75-6.88
f 13.50-5.13
' 16.00-7.25
:34.00-24.00
7.00-2.75
5.75-2.75
5.13-3.13
127.50-13.75
39.50-24.75
331.00-13.50
36.50-35.50
35.50-23.25
' 10.00-4.25
9.00-7.63
14.75-11.75
12.50-8.30

Mean

9.03
6.97
7.42
5.60
7.64
43.63
15.15
7.08
4.46
8.86
8.85
11.83
30.17
5.04
4.54
3.77
23.27
2.1
19.16
35.83
29.84
8.02
8.53
13.32
10.46

Weight (1bs. )
Range Mean

1.7-0.3 0.9
1.6-0.1 0.4
0.4-0.2 0.3
0.5-0.1 0.3
2.5-0.04 0.5
3.9-2.9 3.4
3.0-0.8 1.8
2.3-0.2 0.6
0.08-0.06 0.1
0.5-0.2 0.4
1.5-0.1 0.6
3.0-0.3 1.2
4.5-2.7 3.9
0.3-0.02 0.2
0.2-0.03 0.1
0.2-0.04 0.1
10.6-1.3 6.6
12.3-3.0 7.0
7.4-0.7 2.0
2.0-1.8 1.9
4.0-1.1 2.5
0.9-0.1 0.5
0.5-0.3 0.4
1.7-0.8 1.2
1.5-0.3 0.8
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Species

Naso brevirostris
Naso unicormis

Parupeneus porphyreus
Polydactylus sexfilis

Table 2.1-8. (Continued)

(Wt/Length Conv. Length (in.) Weight (1bs.)
Factor)(#) Cnt  Range Mean  Range Mean
(.00070)(10, 6 8.25-4.88 6.67 0.4-0.1 0.3
**(,00085)(3) 3 16.25-6.50 11.42 2.9-0.3 1.5
*(.00088)(33) 197 13.25-5.25 9.56 2.1-0.1 0.9
*(.00063)(14) 14 14.75.8.50 11.05 2.0-0.4 0.9

Seomberoides sancti-petri *(.00033)(12) 12 16.75-11.25 13.13 1.1-0.6 0.7

Sphyrma lewini

Stolephorus purpureus

Upeneus arge

*(.00014)(30) 86 36.50-19.50 24.37 7.3-1.0 2.2
CNA 3 2.38-1.75 1.96 CNA
*(.00069)(4) 16  11.50-8.00 9.97 1.1-0.4 0.7

LEGEND:

() = Hawaii Division of Fish and Game computation (5 digits
*() = Pear] Harbor Biological Survey computation (which
either agrees with F& constant or is an addition to
the 1ist of known Wt/Length Conversion Factors).

**() = Pear] Harbor Biological Survey computation (which
significantly disagrees with F&G computations).

CNA = Wt/Length Conversion Factor Not Available.

(#) = Number of individuals used for computation of
Wt/Length Conversion Factors.

Cnt = Count, number of individuals collected.

2.1-29
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Table 2.1-9. FISH SURVEY, PEARL HARBOR: COLLECTING MSTHODS AND
MEASUREMENTS FOR FISH SPECIES RARELY COLLECTED

——

L e T e E——

Collection
Species Station Date  Method Length Weight

Abudefduf abdominalie BE-02 24 Nov 71 T 4.8 0.3
Abudefduf sordidus BE-03 5 May 72 T 4.50 0.3
Antennarius chironectes ~ BC-11 29 Dec 72 BG  5.50 0.6
Apogon smyderi BC-11 250ct 72 HN  4.50 0.1
Bothus pantherinus BN-13 27 Apr 72 GN  6.00 0.1
Calotomus spinidens BC-11 16 Nov72 GN  9.00 0.6
Carangoides gymostethoides  BH-13 5Dec 72 GN  6.75 0.3
Caranz ignobilis BE-03 25 Apr 72 GN  19.50 6.0
Carapus margaritiferae ~ BC-11 31 Jan 72 BG 3.13 CNA
Cheilio inermis ~ BC-11 4May72 FL 12.75 0.6
Chenogobius tongarevae BC-10 31 Mar72 NN 1.25  CNA
Diodon hystriz BC-11 5Dec 72  HN 21.25 7.7
Patamacrodiis maimoratus ~ BC-11 2 Oct 72 HN  3.75 CNA
Exallias brevie ~BC-11 11 Feb72 B6 1.25  CNA
Flammeo sammara BC-10 6 Oct 72 T 5.50 0.1
Xyphosus cinerascens BC-1 18 Oct 72 GN 7.50 0.7

" n BC-11 16 Nov72 G 7.00 0.4
Microoanthus strigatus BC-11 15 Sep 72 T 3.8 CNA
Mulloidichths auriflamma BC-11 1Sep72 GN 7.75 0.4
Omobranchus elongatus BW-13 17Nov72 HN 2.25 CNA
Ozypurichthys lonchotus BE-02 20Jan 72 HN  1.75 CNA
Priacanthus cruentaius ~ BC-11 25 0ct 72 BG 10.50 0.7
Saurida gracilis BC-11 4Nov72 SP 13.50 1.2
Soarus sordidus BC-11 1Sep72 GN  9.75 0.6

~ BC-11 1Feb72 HN 1.75 0.0l

Soorpaema coniorta

2.;"30
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Table 2.1-9. (Continued)

Collection
Species station Date ‘Method Length Weight
Scorpaenopsis diabolus BC-1 3 Apr 72 HN  4.75 0.1
ek e T B T B I
Stethojulis balteatus BC-11 3 Apr 72 HN  0.75 NA
Tilapia mossambica E;ggle 5 May 72 HN 11.75 2.1
shoreline
Zebrasome veliferum nBE-05 21 Nov 72 T 6.50 0.2

LEGEND: 1) Methods of Collection

SP = Hawaiian three-prong spear

BG = Diver's bag (organism usually collected underwater by hand)
T = PHBS. fish trap

HN = Hand or dip net

GN = PHBS gill net

FL = Fishing 1ine, rod and reel fishing
2) ~Indicates adjacent to, or in the vicinity of, a bio-station
3) Measurement:

Lengths are in inches; fork -lengths are measured

Weights are in pounds to the nearest tenth of a pound

4) Weight/length conversion factor not available indicated by CNA

2.1-3]
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Table 2.1-10. LIST OF FISH TAGGED IN PEARL HARBOR

Species
Acanthurus mata

Acanthurus triostegus
Acanthurus zanthopterus
Arothron hispidus

Caranx melampygus

Caranz sp. (juvenile)
Chaetodon auriga
Chaetodon lunula
Chaetodon miliaris

Conger cinreys marginatus
Flammeo sammara
Gymmothorax flavimarginatus
Gymmuthorax undulatus
Kuhlia sandvicensis
Lutjarnus fulvus
Mierocanthus strigatus
Naso brevirostris
Parupeneus porphyreus
Upeneus arge

# Tagged
10

2
37
182

34
12

11

£ W N W e

162

525

2.7-22

@#Bio-stations

5
2
7
10

W 00 N = A =Y = = WWNWON e

# Recaptured

0
0
4

10.
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o o

N O O O

23
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* A. bispidus (BC-10)

8 P. perphyreus (BE-05)
® P. perphyress (BE-03)
* & P. porphyress (BC-11)

O INDICATES RECAPTURE

Figure 2.1-6. FISH RECAPTURES FOR PEARL HARBOR RELEASES
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maximum water clarity. While the optimal time of day was generally found <
to be early or mid-morning, before visibility reducing factors became &Y

significant, fish transects were conducted on an unscheduled basis due to
variable underwater visibility. The maximum “{dentifiable" visibility*
recorded at any single bio-station was about 15 feet; minimum observed
visibility was less than 1 foot. Reduced visibility is believed to be

due to a variety of factors, including ship traffic, wind and weather
conditions and, to a lesser extent, tidal flow. Often, fish transects
were obtained during occasions of increased water visibility while the
field team was at a bio-station for another sampling activity. In general,
the late summer to early fall months provided the optimal periods of water
clarity at the 10 bio-stations.

The total numbers of fishes sighted on transects at each station have
been tabulated in pounds per transect (Table 2.1-11) using weight-length
conversion coefficients (Table 2.1-4) applied to estimated lengths. Only
the data for 2 of the transects available from each bio-station were chosen
for presentation in Table 2.1-11. These transects were selected on the basis
of the diver's evaluation of transects which 1) were most representative of
a given station's general physiography and 2) included the greatest number
of species. The second criterion is based on the assumption that more
species were present at a given bio-station than were ever observed at any
one time. The transects with the maximum number of species were considered
the "best estimate" of the true fauna for that environment. Both transects
at each station are segregated into columns of equal identifiable visibility,
since this parameter has a profound effect on the transect results reported. .

The fish population for bio-station BC-09 is considerably underestimated e
by transect data. This is chiefly attributable to the generally poor visi-
bility at this channel station and the fact that most fishes captured at
BC-09 were large, fast-swimming, pelagic or benthic species which are un-
1ikely to be seen on a fish transect ?especially where visibility is limited
to less than five feet). Otherwise, data presented in Table 2.1-11 compare
favorably with data obtained by other sampling methods and with qualitative
estimates based on observations made on non-transect dives. Figure 2.1-7
maps mean weight per transect into the harbor. Station weights for BE-05,

BM-07 and BW-13 are loaded heavily with large numbers of surgeonfish (family
Acanthuridae). Species composition is much more varied at BC-11.

DISTRIBUTION

The total number of species of fishes collected and sighted at each
bio-station is presented in Figure 2.1-8. Station BC-11 stands alone as
the most diverse bio-station in relation to fish data. Bio-stations BC-10
and BW-13 are geographically nearest BC-11, but provide only slightly more

(Text continued on page 2.1-38)

* Defined as the maximum distance at which fish can be positively identified
during fish transecting; see earlier discussion under visual transects in
methods section.

]
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Table 2.1-11.
IN PEARL HARBOR, OAHU.
IN PARENTHESES).

TOTAL COMPUTED WEIGHTS OF FISHES SIGHTED ON TRANSECTS

(IDENTIFIABLE VISIBILITIES ARE

Station 1A (10') 18 (5') 2A (10') 28 (5') Mean Wt/Transect
BE-02 11.9  eee-- 2.7 eeee- 7.3
BE-03 19.6 = =ec-- 37.3 = eee-- 28.5
BE-04 0.5 = ee--- 0.1 = ee=-- 0.3
BE-05 9.6 = eee-- 188.2 ee=-- 98.9

*BM-07 150.0 2 ==cecec ecmee ecee- 150.0
BC-09 W ----- 1.8 = cecee eeee- 1.8
BC-10 W ee--- 32.6 W e=e-- 7.7 20.2
BC-11 62.5 = rmee- 65.9 = eee-- 62.2
BW-13 136.2  eeee- 5.3 = eee-- 70.3
BE-17 = ~e-e- 13.7 ece=- 12.4 13.1

Key: 1 = first transect

2 = second transect

A = "good" visibility (10 feet)

B = "poor" visibility (5 feet)

* represents count for total fish population at bio-station

2.1-35
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than half the number of fish species. The remaining bip-stations fail to Rt
show distinctive patterns; however, the lowest numbers of fish species are

present at BE-04 and BE-17, two bio-stations which are probably most stressed

by shipyard activities.

Ten selected species of fishes, chosen by feeding habits, are listed
in Table 2.1-12 and are geographically mapped on Figures 2.1-9 through 2.1-18.
These fishes are representative of the range of feeding types inhabiting
Pear] Harbor. The results of a stomach analysis content study conducted
by Dr. Thomas A. Clarke of the Hawaiian Institute of Marine Biology, Coconut

Island, are additionally provided as Appendix B. The fishes used in Clarke's

study were collected b{ 3111 nets set at the 10 PHBS bio-stations from
September 1972 to May 1973 R '

Ranked 1istings of the § most abundant fish species at each bio-station
based on collections and sightings are presented in Table 2.1-13. Although
the common species as determined by either method are similar (part B of
Table 2.1-13?, the population composition shown in the ranking is different.
This difference is better illustrated by Table 2.1-14. Only half the 24
common species are represented in this table; however, it can be seen that
the acanthurids tend to dominate the ranking by sighting while ranking by
collection tends to be dominated by Arothron hispidus and other species
which do not appear in the former ranking. This difference and the low
scores along the matrix diagonal both indicate that species collected,
primarily by gill net and trap, tend not to be sighted, and those sighted P
(primarily by fish transecting, although incidental observations have been N’
included) tend not to be collected. These real differences in observed '
fish populations support the validity of inventorying fish by as many
methods as feasible to obtain complete coverage of resident species composition.

ENVIRONMENTAL bREFERENCE RATING

A formal system of recording fish's environmental preference has been
developed in an attempt to improve the utilization of fish populations for
determining general environmental status. This system has been previously
reported (Reference 2.1-5 and 2.1-11) at earlier stages in its development.
At its present stage, the system provides a concise way of recording environ-
mental preferences observed in the field and a mathematically rigorous method
of converting those preferences into numerical values. This system is not
yet complete in the sense that many more field observations are needed to
improve the observed species environmental preference ratings; it is
presented here mainly as an exemplar of the rating method.

The environmental preference ratings (EPR) for 76 species resident in
Pear]l Harbor are presented in Table 2.1-15. An arbitrary scale of 0 to 5
is used to indicate environmental preference, 0 signifying clear, coral-reef
waters and 5 signifying turbid brackish waters which also may have a high
probability of being polluted. The estimated pollution tolerance range is
indicated by the bottom row of "x"s immediately following the species name. -
Environmental preference within this tolerance range is indicated by stacking S
the "x"s vertically in the appropriate envirormental columns. Since the R
true enviromental status of the waters is not yet fully known, the ratings

{Tevt continued on page 2.1-61)
2.1-38
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Table 2.1-12. FISHES PRESENTED ON DISTRIBUTIONAL MAPS

General Feeding Types
Carvinores:
Sphyrna lewini - both benthic and open water piscivore
Elope hawaiiensis - mid-water/ benthic fish & invertebrates

Caranx melampygus - mid-water piscivore
Parupeneus porphyreus - benthic invertebrates

Herbivores: Acanthurus xanthopterus - grazer/browser
Naso brevirostris - macrophytic algal feeder
Chanos chanos - unicellular algae (over soft bottom)
Mugil cephalus - a detrital feeder

Omnivores: Arothron hispidus - benthic invertebrates, faculative
Chaetodon auriga - benthic invertebrates, corals

Legend for numbers of individuals collected:

e 1-2
o 3-5
® 6-10
@ -2
‘ 21-50
. 514
S sighted only
0 not collected or sighted

2.1-39
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Table 2.1-13. Part A.

Station

BE-02

BE-03

BE-04

BE-05

BM-07

BC-09

BC-10

BC-11

RANKED LISTING OF MOST COMMON FISHES BASED UPON
COLLECTIONS AND SIGHTINGS AT EACH PHBS BIC-STATION*

From individuals collected

From individuals sighted

Arothron hispidus
Parupeneus porphyreus
Elops hawaiiensis
Sphyrna lewini
Acanthurus xanthoperus

Parupeneus porphyreus
Arothron hispidus
Acanthurus mata

Caranx melampygus
Acanthurus xanthopterus

Arothron hispidus

Elops hawaiiensis

Caranx sexfasciatus
Sphyrna lewini
Scomberoides sancti-petri

Parupeneus porphyreus
Sphyrna lewini

Elops hawaiiensis
Acanthurus xanthopterus
Scomberoides sancti-petri

Mugil cephalus
Arothron hispidus
Acanthurus xanthopterus
Sphyrna lewini

Elops hawaiiensis

Mugil cephalus
Chanos chanos
Elops hawaiiensis
Upeneus arge
Albula vulpes

Chaetodon miliaris
Arothron hispidus
Chaetodon auriga
Caranx melampygus
Chaetodon lunula

Parupeneus porphyreus
Chaetodon miliaris
Chaetodon auriga
Mullotdichthys samoensis
Acanthurus triostegus

20]-50

Kuhlia sandvicensis
Acanthurus zanthopterus
Acanthurus triostegus
Labrid (juvenile)
Caranx sp.

Acanthurus xanthopterus
Xuhlia sandvicensis
Labrid (juvenile)
Abudefduf abdominalis
Arothron hispidus

Abudefduf sp. (juvenile)
Acanthurus xanthopterus
Arothron hispidus
Scomberoides sancti-petri
Caranx Sp.

Acanthurus zanthopterus
Acanthurus mata
Parupeneus porphyreus
Abudefduf abdominalis
Acanthurus triostegus

Acanthurus zanthopterus
Acanthurus mata

Mugil cephalus
Arothron hispidus
Caranx melampygus

Acanthurus zanthopterus
Aocanthurus mata
Upeneus arge

Chaetodon auriga

Caranx Sp.

Hemiramphus depauperatus
Acanthurus sp. (juvenile)
Chaetodon lunula

Acanthurus triostegus
Ctenochaetus strigosus
Chaetodon miliaris
Abudefduf abdominalis
Mulloidichthys samoensis



Station

BW-13

BE-17

Table 2.1-13. “art A. (Continued)

From individuals collected

From individuals sighted

Acanthurus xanthopterus
Caranx mate

Albula vulpes

Elops hawaiiensis
Kuhlia sandvicensis

Arothron hispidus
Parupeneus porphyreus
Acanthurus xanthopterus
Elope hawaiiensis
Chaetodon auriga

Acanthurus xanthopterus
Caranx melampygus
Abudefduf abdominalis
Mulloidichthys samoensis
Acanthurus mata

Acanthurus xanthopterus
Arothron hispidus
Labrid sp. (juvenile)
Chaetodon lunula
Parupeneus porphyreus

* Ranked 1isting excludes gobies, eleotrids, blennies and juveniles of
several species which are considered too numerous to accurately count
on visual transects; these cryptic species have also been excluded from
quantitative considerations of other recent researchers (see text).
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Tab]e 2.]-]30 P.l‘t Bo

COLLECTED (times)

doanthurus mata (1)
Asanthwrus tricetegus (1)
Aoanthurus zanthopterus (6)

Albula vulpes (2)
Ayothron hiafida (6)
Caranz mate (1)

Caranz melampygus (2)
Caranz sexfasciatus (1)
Chaetodon awriga 23;
Chastodon lunula (1
Chaetodon miliaris (
Chanos chanos (1)

Elope hawaiiensis (7)
Kihlia sandvicensis (1)

ugr A 2
t{:‘u?loisghhath;: Swznmie (1)

2)

Parupeneus porphyreus (5)

Sopmberoidse aanzgi-pctri (2)

Sphyma lewini (
Upeneus arge (1)

20 species

* appeari
Table 2.1-14

ALPHABETIC LISTING OF FISHES APPEARING
[N THE ABOVE RANKING OF COMMON SPECIES

SIGHTED (times) TOTAL
Abudefduf abdominalis (4) 4
Abudsfduf sp. (Juv.) (1) 1
Acanthurus mata (4) 5

Aoanthurus tricetegus (2) 3*
Acanthurus xanthopterus (8) 14*
Acanthurus sp. (Juv.) (1) ;

Arothron hispidus (4) l(lJ*
Caranxz melampygus (2) - 4

1
Caranx sp. (3) 3*
Chaetodon auriga \1 4
Chaetodon lunula (2 3*
Chaetodon miliaris (1) 3*

Ctenochaetus strigosus (1)

1
7
Hemirhamphus depauperatus (1) 1
Kuhlia sandvicensis (2) 3
Labrid (Juv.)ofgg 3
Mugil cephalus (1)
Mulloidiohthys samoensis (2) 3*
eneus porphyreus (2) 7*
Soomberotdes sanoti-petri (1) 3*

Upeneus arge (1) 2*

19 species

ng in intercomparison matrix,

2.1-52
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RANK BASED ON SPECIES SIGHTED

1st

2nd

3rd

ath*

S5th*

* because only 3 sightings are listed for bio-station BC-09,
intercomparison in these two rows {s incomplete

PAP LW LY LNLRAY .

Table 2,1-14 INTERCOMPARISON OF RANKINGS OF COMMON FISH

BY COLLECTION AND BY SIGHTING

RANK BASED ON SPECIES COLLECTION

1st 2nd 3rd 4th
Ax 13 0 Ax 07

Ax 17

Cha 10
Ah 17 0 0 0
Ah 04 Chm 11 0
Pp 05
Mc 07
0 Ah 07 0 0
0 Ah 03 Csp 04

key: Ah = Arothron hispidus
At = Acanthurus triostegus

AXx = Acanthurus xanthopterus

Cha = Chaetodon auriga
Chl = Chasetodon lunula
Chm = Chaetodon miliaris
Csp = Caranzx Sp.

Mc = Mugil cephalus

Ms = Molloidichthys samoensie

Pp = Parupeneus porphyreus

Ss = Scomberoides sancti-petri

Ua = Upeneus arge

2.1-53

Ax 05

Va 09

Ms 11

RSSO T SN L S T T SRTTACRATA L IS N

5th

Ax 03
At 11

Ax 02

Ss 05

Ch1 10

02 = BE-02
03 = BE-03
04 = BE-04
0f = BE-05
07 = 8M-07
09 = BC-09
10 = BC-10
11 = BC-11
13 = BW-13
17 = BE-17
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Table 2.1-15.

Species

Abudefduf abdominalis

Abude fduf eordidus

Acanthurus dussumieri

Acanthurus mata

Acanthqrug olivaceus

Acanthurus triostegus

Acanthurus xanthopterus

Aetobatus narinari

Albula vulpes

Apogon sryderi

Arothron hispidus

ESTIMATED ENVIRONMENTAL PREFERENCES FOR
FISHES COMMON TO PEARL HARBOR.

Environ. Pref

0

x K x

- %

1

o X%

x X X

2

x x x

2 XX

> x

x % %

x X

4

x

. Rating
5

Q

25

25

11

16

21

25

25

17

11

25

1.5

1.5

2.3

1.8

2'8

1.0

1.2

0.9

1.9

2.3

0.6
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) Table 2.i-15. (Continued)

Species Environ. Pref. I;ati ng Q f

Asterropteryz semipunctatus X X X X X X 25 15

b
> x x

Aulostomus chinensis X

x
x X x

b

b

Bathygobius fuscus X

 Bothus pantherinus X X X X X X 25 1.5

) Brachirus barberi X X X X X X 22 1.2
Calotomus spinidens X X 5 2.7
.Canthigas ter coronatus

Caranzx ignoéilis X X X X X X 25 1.5

Caranx mate X X X X X X 26 1.4

Caranx me lampygus X X X X X 18 1.8

b3
x
b

Caranx sexfasctiatus X X X X X 18 1.8
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Table 2.1-15.

Species

Carcharhinus limbatus

Chaetodon auriga

Chaetodon lunula

Chaetodon miliaris

Cheilio inermis

Chanoe chanos

Conger marginatus

Ctenochaetus strigosus

Dascyllus albisella

Diodon holocanthus

Diodon hystrix

(Continued)

> X X

x X X

x x X

x

x X: X

x X x

x X

2 gref. Rating

4 5

x X

x x

x >

Q

25

24

17

20

21

15

18

16

13

13

0.9

1.4

1.9

1.6

2.7

1.0

1.8

1.8

1.8

2.1

2.1
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Table 2.1-15.

Species

Elopes hawaiiensis
Entomacrodus marmoratus

Flammeo sammara

FPoa brachygrammus

Gnathanodon speciosus

Gymnothorax flavimarginatus

Gymothorax petelli

Gymothorax wundulatus

Hemiramphus depauperatus

Hentochus acwuminatus

Kuhlia sandvicensis

Environ. Pref

b
x X X

x

b3

b3
x
x X x

x x x > X X x X Xx
b b3 x x b
> X X > X X x X X x X X x X X
b * x X x x x
b b x b

*
x x X

(Continued)

. Rating

Q

25

10

11

25

20

15

10

20

25

25

1.5

2.4

2.3

1.5

1.6

2.1

2.4

1.2

1.5

2.8

1.5

. e =
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Table 2.1-15. (Continued)

o

Species Environ. Pref. Rating Q f
012 3 405

Kyphosus cinerascens X X 5 2.7
Labroides phthirophagus X X 5 2.7

Eytjanus fulvus X X X X X 17 1.9

X Xx
b

Microcanthus strigatus

x X X
xX X x

Yollienisia latipinna X

43 2.6 C«J

x

x

b3
2~

Mugil cephalus » N S R ¢

Mulloidichthys samoensis

Myripristis murdjan X X % X 11 2.3

X X
x
b3
x

Yaso brevirostris

»x x

Naso wicomis X X 5 2.7

x X X
>
x

Omobranchus elongatus
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Table 2.1-15.

Species

Ostracion melecgris carmarum

Parupeneus plewrostigma

Parupeneus multifasciatus

Parupeneus porphyreus

Pervagor spilosoma

Polydactylus sexfilis

Priacanthus cruentatus

Saurida gracilis

Searus sordidus

Scomberotides sancti-petri

Sphyraena barracuda

(Continued)

x x X

x X x

2.1-59

x x X

. Pref. Rating

3 45

x

o »x x
x

x X X
b

Q

11

11

23

16

11

25

25

2.7

2.3

2.3

1.3

2.7

1.8

2.8

2.3

2.7

1.5

1.5
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(Continued)

Table 2.1-18.

“ n
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[- 47, ] X

M‘. x X

am » X X

mz XX X X
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.W. x X
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wo »x x

o=

g

w

Sphyma lewini

e —— o an — = -

Q w0
o~ -

~ HH

»

» X

» X »® X X
o X X o X X
o X X x X
x X x

Stolephorus purpureus

Stethojulis balteatus

A m e r —— e . . e W

2.6

»x X X

» X x

Synodus variegatus

% .
..— vw‘ M N
(N
oo

i 2 " “ < LY
PH o~ - o~ — -
a < HY - 2 3

% % X x
» X X x x x x x
X X XXX XXX x x X x %
X XXX XXX X3 X XX XXX
o X x » X x X X » X X » X X
x X 2 XX XXX X KX

Ty losurus croocodilus
arge

Zanclus canesoens

Zebrasoma flavescens

Zebrasoma veliferum

Tilapia mossambioa

-----
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shown in Table 2.1-15 are somewhat subjective; this limitation can, however,
be corrected with further field observation. The system is flexible and
unambiguous. Once the field of "x"s under environmental preference is

completed, the environmental preferencerating, Q, and the preference strength, f,

are rigorously determined. The Q-value is simply ten times the average of
al" "x"s in the field, giving each "x" the value of the EPR column under
which it appears. The f-value, which is an expression of the strength of
preference, is determined as follows: Starting near the center of the
field of "x"s, choose one of the highest columns of "x"s. Give all "x"s

in that column a value of +10 and sum the column. Next, subtract from that
sum all "x"s in the two nearest columns, giving these "x"s a value of -1.
Next, subtract from the remaining sum all "x"s in the next two nearest
colums, giving these “x"s a value of -2. Next, subtract from the remaining
sum all remaining "x"s, giving each a value of -4. Divide the result by 10
to obtain the f-value. This procedure will give an f-value of 3.0 for a
single column of 3 "x"s and a value of 0 for a field in which all six EPR
columns are filled with “x"s. The calculated Q-values and f-values are
given in Table 2.1-15.

These Q and f values are used with the fish catch data (Table 2.1-6)
to estimate environmental status either on the basis of presence/absence
(P/A) data or abundance data. Many environmental indices may be used. An
index used in previous reports (Reference 2.1-5) 1is:

If.Q.
Index B' = _ﬁ%?% where n = number of species, and f
L2 and Q are as defined above.

A plot of the Pearl Harbor bio-stations so ranked is shown in Figure 2.1-19.
In this plot, the lower B' values represent unpolluted conditions while high
values represent the reverse. Most of the Pearl Harbor bio-stations are
rated at nearly the same state of pollution. BC-11 is singular as a bio-
station exhibiting low pollution, while BE-04 exhibits a high state of pol-
lution. This situation is the result of two factors. As later shown in
Section 4.2, water quality is nearly uniform throughout most of the inner
harbor; this situation also appears to be indicated by Index B' as well as
by other statistical analyses based on fish populations (Section 4.3). A
second factor which tends to cause uniformity is the natural conservatism
of the biologists making the environmental preference ratings. Of the 76
species listed in Table 2.1-15, 29 or almost 40% are listed with Q-values
between 20 and 30. Although this could be the actual situation in-a harbor
1ike Pearl, it is more 1ikely to be due to conservative rating procedures.
The situation is more forcefully illustrated in Figure 2.1-20, where the
sum of the f-values in each Q class is plotted for the 10 bio-station fish
catches. The very high central values are readily apparent; however, the
uniqueness of bio-station BC-11 is still apparent despite the masking of
this central tendency. The additional fact that f-values tend to be low
fg; c$ntra11y rated fish only further emphasizes the differences shown in

the plot.
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o STRENGTH, f, FOR EACH BIO-STATION
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GENERAL INFORMATION

Benthic marine organisms, i.e. those which 1ive either on and/or in bottom
sediments, were collected from ten stations located in Pearl Harbor, Oahu
(Figure 1.0-1) during the period from 18 January 1972 to 7 April 1972. The
rationale for sampling benthic organisms during this baseline study includes:

1) benthic organisms constitute a major percentage of the biota in nearshore
marine ecosystems (in terms of both number of species and number of individuals;
2) the benthos are highly important food organisms for larger invertebrates,
fishes (see Appendix B and Holme, Reference 2.2-1), and for man in most coastal
areas; 3) benthic organisms are directly exposed to contaminants which are
present in both the bottom substrata and the water column; 4) the benthos are
indirectly exposed to various other stresses (such as surface oil, red tides,
effluent discharges, ship-propagated turbulence, etc.) which may characterize
naval harbor operations; and 5) the benthic organisms are usually present in
sufficient numbers within a relatively small area to provide an easily collected,
relfable and reproducible statistical basis for general evaluation of naval
harbor complexes.

Thorson (Reference 2.2-2) provides a convenient description of three
essential component groups of organisms inhabiting benthic marine environments:
1) the epifauna (Figure 2.2-1), "comprising all animals 1iving upon or associated
with rocEs, stones, shells, vegetation..." and typified in Pearl Harbor by
organisms such as bryozoans, shrimp, tunicates, anemones, etc.; 2) the infauna
(Figure 2.2-2) "comprising all animals inhabiting the sandy or muddy surface
layers (of the bottom)... i.e. 1iving buried or digging in a substratum..."
typified in Pearl Harbor by organisms such as alpheid shrimp, bivalve mollusca,
certain errant and sedentary polychaetes, sipunculid worms, etc.; and 3) "bottom
dwelling fishes and motile invertebrates..." typified in Pearl Harbor by
organisms such as gobies, shrimp and crabs which are intimately related to the
other organisms of the benthos. The first two groups (epifauna and infauna)
have been intensively sampled during the benthic survey; the third group has been
examined in the fish survey and additionally, through general diving observations
at each bio-station.

An inadequate standardization of sampling methods for benthic organisms has
often precluded any meaningful comparison of data. With this perspective, the
Pearl Harbor benthic survey methods are being presented in detail for evaluation
as a standard for future surveys.

METHODS

A standard of methodology for sampling the benthic environment has been
lacking in many geogr-phical areas, even in locations as intensively studied as
San Francisco Bay (Nicols, Reference 2.2-3). A 0.3 ft® bottom sampler for
potential navy use was designed and used for the collection of adequate and
comparable (Jerome, et. al., Reference 2.2-4) amounts of bottom sediments. The
sampler can be efficiently operated by two SCUBA divers (thus eliminating the
"blind" sampling effect of surface-operated grabs). The sampler functions
efficiently to sample a wide range of benthic organisms (even highly motile
shrimp, crabs and bottom fishes) within a reproducible sample size.

2.2-1



Figure 2.2-1.

[ —

CLOSEUP OF TYPICAL EPIFAUNAL COMMUNITY.
(Modified from Thorson, Reference 2.2-2)

o ——

Figure 2.2-2.

CROSS SECTIONAL VIEW OF TYPICAL INFAUNAL COMMUNITY.
(Modified from Thorson, Reference 2.2-2)
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During the benthic survey, all available bottom substrate types were sampled
at each bio-station, with an average of three samples per station. The number
of substrate types present was determined subjectively through diving observations
of the entire bio-station several weeks prior to collection of the samples. A
minimum of two samples per station were collected during each series. Replicate
sampling (5 samples/substrate/station) was conducted at all ten bio-stations.
One complete series consisting of 29 samples (sampling each major substrate per
station at all ten stations) required five full field days of effort. Three of
these series (87 samples) have been completely analyzed and are presented in this
report. An analysis of all benthic algae contained in 145 benthic samples has
been completed, however, and 1s provided herein. Only 83 benthic samples (which
contained organisms) were subjected to multivariate statistical analysis. The
four samples which contained no organisms were: #11506, BE-05, 38'; #12202,
BE-04, 44'; #12307, BC-11, 38' and #12506, BE-05, 40' (# indicates sample number).

A11 PHBS benthic faunal samples were collected with a diver-operated bottom
sampler designed by T. J. Peeling and J. G. Grovhoug, NUC Hawaii Laboratory (see
Figure 2.2-3?. The sampler consists of a 12" x 12" x 4" aluminum box-scoop with
forward and after sliding doors. The sampling device is fitted with large
handles so that two SCUBA divers (one on either side) can push the scoop through
soft sediment to collect the sample. After the sliding doors are removed, the
scoop 1s pushed into the sediment to a depth of four inches. The sampler is
then moved horizontally until the metal box is entirely filled with sediment and
associated organisms. The end doors are replaced, thus securely enclosing a 0.3
ft? sample. The sample is then brought to the surface and is screened in’ the
diving boat using surface water. The fraction of material retained between X%
inch and 420 micron standard screen size (including all organisms larger than
s inch) is then placed in one or two one-gallon plastic containers and frozen at
the end of the working day. Usually six such samples were collected during a
sampling day. The bottom sampler proved effective for collecting some motile
organisms such as gobioid fishes and shrimp as well as the benthic epifaunal and
infaunal organisms.

Geographic locations of specific benthic sampling sites at each bio-station
may be located in the plan views (block D's in Figures 1.0-3 through 1.0-12, in
Section 1.0). Depths of these samples may be observed from contour lines
gblgck]C's.zs?ction 1.0) and are also summarized with other pertinent field data

n Table 2.2-1.

Bottom sample processing was performed through two series of contracts:
1) initial sorting into phyla by Pan Pacific Institute of Ocean Science (four
biological technicians), and 2) final identification, enumeration and weighing
by Environmental Consultants, Inc. All taxonomic identifications were made by
Eric B. Guinther, a graduate student at the University of Hawaii's marine
laboratory (HIMB, Coconut Island) or by specialists on certain taxa to whom
Mr. Guinther sent specimens. In the laboratory a small number of samples (3-5)
were removed from the freezer and allowed to thaw.

Primary sorting was conducted as soon as possible after thawing, usually
within half a working day. A1l separated material was fixed in a 10% formalin
solution. Although a consistent 12" x 12" x 4" (approximately 8 quarts) sample
was collected in the field, volumes after field screening varied from one pint

2.2-3
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Figure 2.2-3. BOTTOM SAMPLING APPARATUS
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TABLE 2.2-1. BENTHIC FAUNAL SURVEY FIELD & PROCESSING NOTES

)
rwex  Bio-station Sample # Collection (Time/Date)* Depth (ft.) Composition (%)**

BE-02 03401 0750/20 1 3 555F /40cS/50P
" 11101 0820/13 111 3 75cS&FF /20SF/5DP
" 12101 0824/20 111 1.5 50cS/45SF/5DP
" 13201 0743/28 111 3 65cS&FF/25SF/100P&pT
" 14201 0844/ 4 IV 4 60cS&FF/20SF/20pT4DP
" 03402 0852/20 I 12 55¢S/40SF/5DP
" 11102 0928/13 111 14 95cS&FF/5¢T
! 12102 0906/20 111 14 95cS&FF/5SF
" 13202 0823/28 I1II 6 70cS&FF /25SF /50P
" 14202 0915/ 4 IV 19 75cS&FF/20SF/5pT
; 03403 1025/20 I 25 40R,LF&LT/30sF/20SF/100PW
- 11103 1030/13 111 24 75cS&FF/15SF/100P
- 12103 0952/20 111 22 50c S&FF/40SF/100P
" 13203 0901/28 111 28 50SF/40cS&FF/10pT
" 14203 1001/ 4 IV 31 50cS&FF/45SF/5pT
BE-03 04404 1112/27 1 2 70¢S,cT&CM/ 25SF/5SP
" 11104 1150/13 111 3 80cS/15SF/5SP
’ 12104 1038/20 111 2 65cS&sF/20SF/155P
" 13504 0953/31 II1 2 60CM. R&cT/30SP&pT/ 10SF
" 14504 1043/ 7 IV 2 70CM&R/ 255P&pT/5SF
Qe ! 04406 1320/27 1 25 85cS&FF/15SF
i : 11105 1225/13 111 24 80cS&FF/15SF/5SP&DP
" 12105 1112/20 111 24 65c S&FF/30SF/5SP&DP
" 13505 1016/31 111 23 80cS&FF/ 15SF /5SP&DP
" 14505 1105/ 7 IV 31 85cS&FF/15SF/5SP&DP
" 04405 1152/27 1 8 75cS&FF/25SF
f 11106 1328/13 111 36 80cS&FF /20SF
" 12106 1155/20 111 34 85cS&FF/15SF
" 13506 1048/31 111 43 80cT&FF/15SF/50PW
" 14506 1205/ 7 IV 45 40cT/40SF/20DPWASP
BE-04 05101 0758/31 I 10 80cT/15SF/5DPW
" 11201 0800/14 II1 14 95cT/5SF
. 12201 0935/21 111 14 70cS&cT/30SF
" 13301 0713/29 111 11 80cT/ 20SF
' 14301 0959/ 5 1V 11 80cT/20SF
! 05102 0842/31 1 28 100cT
: 11202 0852/14 111 30 85cT/15SF
g 12202 1020/21 111 a4 60cT/40SF
L 13302 0748/29 111 43 90cT/10SF
" 14304 1042/ 5 IV 37 90cT/10SF

.............................................
................................................



TABLE 2.2-1 (continued)

Bio-station Sample # Collection({Time/Date)* Depth (fi.) Composition (%)** Vo

BE-05 03201 0848/18 I 4 60SF/35¢S/5sF =
= 11504 1105/17 111 4 50cT&pT/25SF/255P
> 12504 1045/24 111 4 50pT, cS&FF/50SF
" 13204 1030/28 III 4 60SF/35FF&R/5DP
" 14204 1040/ 4 1V 5 75¢T&FF/25SF
" 03202 1032/18 1 15 60cS&FF/35SF/5DPW
" 11505 1208/17 111 15 60cS&FF/40SF
’ 12505 1130/24 111 18 70cS&FF/30SF
. 13206 1232/28 111 18 55¢S&FF/40SF/5DPW
" 14205 1115/ 4 1V 15 80cS&FF/20SF
" 03203 1122/18 1 32 85sF/10cS/5SF
2 11506 - 1258/17 111 38 80LF&cS/15SF/5DP
L 12506 1236/24 111 40 70SF/30DPW
" 13205 1116/28 111 38 60SF/40cs&FF
" 14206 1203/ 4 1V 40 80cS&FF/20SF
BM-07 04302 0829/26 1 38 70cS,cT&FF/20pT/10SF
" 11204 1115/14 111 40 50cT/40pT/10SF
" 12203 1110/21 111 38 50cS&cT/25SF/25SP
L 13303 0838/29 111 36 40pT/40SF/20cS&FF
2 14301 0812/ 5 IV 38 60cT&FF/30pT/10SF
" 04301 0738/26 1 42 55pT&DP/30SF/15¢S,cT&FE
" 11203 1005/14 111 43 40cT/40pT/20SF Kas
” 12204 1143/21 111 43 60cT/40SF
. 13304 0914/29 111 42 80SF/20cT&FF
" 14302 0849/ 5 IV 47 60cT&FF/35SF/5pT
BC-09 04210 1040/25 1 2 90cS&FF/10SF
" 11501 0835/17 111 2 98SP&pT/2SF
v 12404 1110/23 111 2 95SP&pT/5SF
" 13404 1040/30 III 1 95SP&pT/5SF&FF
- 14404 1056/ 6 IV 2 95SP&pT/5SF
! 04211 1148/25 1 14 55¢cS&FF/40SF/5pT
" 11502 0908/17 111 12 60SP/30cS&FF/10SF
y 12405 1125/23 I11 14 75cS&FF /25SF
5 13406 1159/30 111 16 80cS&FF/10SF/10SP
" 14405 1123/ 6 1V 12 80cS&FF/15SF/5SP
" 04212 1245/25 1 28 60G&FF/30cS/10SF
" 11503 0945/17 111 32 98FF&cS/2SF
N 12406 1242/23 111 35 65¢cS&FF/35SF
" 13405 1102/30 III 35 50cS&FF/45SF, 55P&pT
- 14406 1215/ 6 IV 32 85cS&FF/15SF
BC-10 03303 1015/19 1 14 90cT/10SF
, 11301 0758/15 111 14 80cT/20SF =
" 12301 - 0812/22 111 18 75cT&cS/25SF P
" 13101 0818/27 111 18 60cT/40SF
" 14101 0814/ 3 IV 18 75¢T/20SF/5pT&DP



TABLE 2.2-1 (continued)

Bio-station Sample # Collection(Time/Date)* Depth (ft.) Composition (%)**

o
FeS”
LS

Y . BC-10 03304 1114/19 I 36 70cS/25SF /50PN
" 11302 0908/15 III 30 80cS&FF/20SF
" 12302 0846/22 111 48 75¢S/25SF
" 13102 0905/27 111 41 70cS&FF/25SF /SDPW
" 14102 0846/ 3 IV 45 80cS&FF/20SF
BC-11 04101 0905/24 1 3 90pT/10SF
" 11303 1030/15 111 2 95pT/5SF
" 12303 0945/22 111 2 90pT/ 10SF
" 13103 1002/27 111 2 95pT/5SF&FF
" 14103 0940/ 3 IV 2 90pT/5LF&R/5SF
" 04102 0933/24 1 12 60pT/35¢S/5SF
" 11304 1105/15 111 23 90cS&FF/5pT/5SF
" 12304 1025/22 111 24 65pT/35SF
n 13104 1025/27 111 25 80cS&FF/15SF/5pT
" 14104 1016/ 3 IV 24 80SF/20cS4&G
n 04103 1038/24 1 42 50¢S/40SF/10DP
" 11305 1228/15 111 42 70¢S/30SF
n 12305 1115/22 111 40 65cS&FF/35SF
" 13105 1120/27 111 34 60cS&FF/35SF/5DP
" 14105 1108/ 3 IV 37 85¢S&FF/15SF
=3 ! 04104 1142/24 1 38 85cS&FF/10SF/5DP
he S 11306 1310/15 I1I 44 75¢S/25SF
s " 12306 1255/22 111 39 95cS&FF/5SF
" 13106 1202/27 111 39 70cS/30SF
" 14106 1144/ 3 IV 40 80cS&FF/20SF
" 04105 1245/24 1 36 50cS&FF/30SF/20DP
" 11307 1410/15 111 47 60cS/40SF
" 12307 1335/22 111 38 55cS&FF/45SF
" 13107 1305/27 111 41 55SF/40cS&FF/5DP
" 14107 1245/ 3 1V 38 80cS&FF/20SF
BW-13 03501 0805/21 1 1 95¢S&FF/5SP
" 11401 0825/16 111 3 45SF/40¢S/15SP
" 12401 0805/23 111 3 50cS&FF/45SF/5SP
n 13401 0816/30 111 2 55cS&FF/40SF/5SP&pT
" 14401 0808/ 6 IV 2 40cS&FF/30SF/30SP&pT
" 03502 0905/21 1 12 40sF/30R,LF&pT/255F/5DP
" 11402 0918/16 III 16 85¢S,FF&G/15SF
" 12402 0852/23 111 14 65cS&FF/35SF
" 13402 0853/30 II1 16 70cS&FF/25SF/5SP&DP
" 14402 0848/ 6 IV 17 80cS&FF/20SF
" 03503 1025/21 1 25 50SF/40cS&FF/10DPW
" 11403 1023/16 III 24 60cS&FF/30SF10pT
= n 12403 0950/23 111 25 65cS&FF/35SF
e n 13403 0939/30 III 31 70cS&FF/25SF/5pT
n 14403 0943/ 6 1V 27 60cSAFE/ 3555 /8T

-----------------



TABLE 2.2-1 (cuntinued)

Blg-station Sample # Collection(Time/Date)* Depth (ft.) Composition (%)** o
BE-17 04401 0805/27 1 25 75¢S&FF/20DP/5SF &3“
¢ 11404 1208/16 111 24 60cS&FF/35SF/5DPW
- 12501 0750/24 111 25 50¢S&FF/40SF/10DP
" 13501 0812/31 111 25 70cS&FF/25SF/5DP
" 14501 0822/ 7 IV 23 85¢S&FF/10SF/5DPW
" 04402 0920/27 1 33 60cS,cT&FF/30SF/10DP
4 11405 1308/16 111 31 40cT&cS/40DP/20SF
¢ 12502 0855/24 111 30 55¢S&FF/35SF/10DP
" 13502 0842/31 111 31 55SF/30cT&FF/15DPW
" 14502 0914/ 7 IV 30 60cS/250P/15SF
g 04403 1012/27 1 32 60cS.cT&FF/30SF/10DP
" 11406 1350/16 II1 33 55SF/45cS&FF/50P
* 12503 0940/24 111 30 70cSa&FF/25SF/50P
" 13503 0916/31 III 32 45 DPW/30cS&cT/25SF
" 14503 0953/ 7 IV 32 60cS&FF/40SF

f * A11 samples were collected during the calendar year 1972

++ Ccomposition given is the percentage of original laboratory volume (minus fine sed-
iments screened in the field) which was estimated during the laboratory separation.
Key: SF=silt and fine sand; cS=coarse sand; CM=clay material; cT=calcareous worm
tubes (Hydroides); pT=parchment worm tubes; FF=shell fragments; sF=small shell frag-,-
ments; LF=large shell fragments; G=gravel; R=rubble; DP=detritus and terrestrial N
plant parts; DPW=detritus; plaft parts and wood chips; SP=sponge

2.2-8
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to nearly 8 quarts, usually 3 to 4 quarts. Primary sorting was accomplished in
two stages. Separations were made using a CCl4-flotation technique modified
after Birkett (Reference 2.2-5) and shown in Figure 2.2-4. Use of this tech-
nique should be restricted to well-ventilated areas, e.g. under a chemical hood,
due to the hazardous nature of carbon tetrachloride. During the first stage,
silt and fine sand were removed by washing small portions of the sample in a 1 mm
mesh brass sieve. Material retained by the sieve was transferred to a shallow
wash dish. After several such portions had accumulated, the material in the pan
received 10 to 20 additional seawater washings with agitation. The wash water
containing the less dense material (and remaining silt) was decanted through the
1 mm sieve. Most of the smaller organisms and "detrital" material were separated
from the sand and gravel by this process. Larger organisms (such as clams, crabs
and larger polychaetes) were removed by hand from the sand fraction. Both the
"water floatable" and sand/gravel fractions were preserved separately in 10%
formalin. An estimate (percent of original field-processed volume) of the sampile
components lost through the sieve, retained on the sieve and remaining in the
wash pan was made (see composition column, Table 2.2-1). y

The CC14-flotation technique was useful in separating small organisms from
mineral sediments. However, the method is inadequate where organic material or
small calcareous tubes represent the bulk of the sample, since both readily float
on CCl4 (the latter because of air bubbles trapped in the tubes). The technique
was, however, used successfully to separate small organisms remaining in the
washed sand/gravel fraction. A half quart aliquot of this fraction was placed
in a one-quart plastic container to which several drops of concentrated soap
solution were added. Enough CCl4 was added to cover the aliquot to a depth of
several inches. A quarter-inch ?ayer of seawater was floated on top of the CClg
to reduce the vapor hazard. The aliquot was stirred gently and material floating
to the CCl4/water interface was collected by sweeping a fine mesh net through
this surface region. The fraction obtained by this means was washed in seawater
and preserved in 10%¥ formalin; the remaining material was discarded.

Secondary sorting of each sample was again accomplished in two stages: 1)
small portions placed in wash dishes and covered with tap water were initially
scanned under an illuminated inagnifying lens, and 2) rescanned under a binocular
dissection microscope (10x-70x variable power). Organisms removed were sorted
by broad taxonomic groupings (usually phyla) and preserved in 5% formalin
(polychaetes and fishes) or 70% ETOH (ethanol)/isopropyl alcohol.

Tertiary sorting involved differentiation of species and the enumeration/
weighing of each organism in the sample. Counts were based on some recognizable
feature occurring singly in each individual (head, mouth parts, oral disc, etc.)
since many organisms were damaged in the collection/sorting process. Wet weights
were based on all the parts ascribable to a species -ecovered from the samples.
A11 organisms were transferred to 70% ethanol prior to weighing; wet weighing
was performed on a Mettler (P 160) balance after first towel drying the organisms
to be weighed. The original raw data (from Environmental Consultants, Inc.)
have been incorporated into the University of Hawaii's Coastal Zone Data Bank.

Times and estimated costs of the bottom sample grocessing have been revised

from those last reported (Table 7 of Reference 2.2-6) and are summarized in the
following breakdown:

2.2-9
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CClgy + WATER + SAND
SCREEN @
SOAP + WATER LAYER
1. MARK SEDIMENT LEVEL cey
RECOVERED CCL ¢
o L siLT Loss 8. RECOVERY OF CCLy
'FLOATABLE” “FLOATABLE"
: 4. WASH IN SIEVE
3. WASH IN PLASTIC TUB
% 8 MM SIEVE
5A. ESTIMATE % “COARSE SAND" . SILT LOSS -

FRACTION; PRESERVE IN 10% FORMALIN
ESTIMATE SILT LOSS % =(100-COARSE
SAND % - WATER FLOATABLE %)

. PRESERVE "“WATER
FLOATABLE' FRACTION IN
10% FORMALIN
ESTIMATE % AS “DETRITAL
OR PLANT PARTS, ETC”

5B. PRESERVE ““CCL,
FLOATABLE" FRACTION
10% F0RMAI.!N7

H20 + SOAP
CCLy

SAND

6. SORTING (REMOVAL OF ORGANISMS)

DISCARD COARSE “UNFLOATABLE" UNNER MAGNIFYING LENS
SAND (RECOVER CCLy) 7. SORTING UNDER BINOCULAR SCOPE

Figure 2.2-4. CARBON TETRACHLORIDE FLOTATION TECHNIQUE
USED DURING BOTTOM SAMPLE ANALYSIS

2.2-10
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Operation Time (hr) Cost ($/hr)

Primary sorting, including CCl4-flotation 2 3.50
Secondary separation and sorting 4-6 3.50
Sorting into major groups (usually phyla) 3 3.50
Weighing and counting 2 3.50
Rocutine identifications 1 3.50
Special identificatiors 2-5 8.00
Preservation 1 3.50
TOTAL . 15-19 $61.50 to
per sample $92.50 per
sample

As may be seen, processing takes 15 to 19 hours per sample at an estimated cost
of $61.50 to $92.50 per sample. This 1s somewhat higher than the $45-$60 range
estimated previously (Reference 2.2-6); however, these revised figures represent
a. more realistic breakdown established through actual analyses performed on more
than 200 samples (benthic and piling samples?. The average cost of these
samples was about $80.00/sample for the present contractual arrangements.

A brief analysis of the merit of replicate sampling has been conducted
(Figure 2.2-5) for the first three series of benthic samples. The number of
species/taxa added with each series is seen to significantly diminish after the
third replicate series (e.g. an average of only 3 new species/sample/station
compared with an average of 8 additional species gained during the second
replicate series). The information provided by the first three series is con-
sidered to be cost-effective; however, the fourth and fifth series appear to
be only marginally informative from a cost-effectiveness standpoint.

The procedure utilized for benthic sample analysis undoubtedly loses the
smaller organisms (such as nematodes, copepods, etc.) less than 1 mm in greatest
dimension. Sponges, bryozoans, and hydroids (several species of each) were
present but could not be individually enumerated because of their colonial nature.
Ostracods were generally rare, except at station BC-11. The annelids and
crustacea are the most diverse groups present. Among the annelids, several new
records for Hawaiian distributions were made. Among the crustaceans, speci-
fically, the Alpheid or snapping shrimp, 4 species represent first reports for
Hawaii (Alpheus rapacida, Alpheus rapazx, Synalpheus pachymeris and Synalpheus
thai); also a new species, Leptalpheus pacificus was col%ected. These discoveries
will be formally reported in Pacific Science in the near future by Professors
?.]M.da?glaé)H. Banner, at the University of Hawaii's Marine Laboratory, Coconut

slan A

DATA/RESULTS

A phyletic checklist of all organisms collected during the benthic survey
is presented as Table 2.2-2. Hawaii Coastal Zone Data Bank numbers and general
feeding/habitat type for each organism have been incorporated into this list.
To facilitate rapid cross-referencing of organisms, an alphabetical 1isting by
species (with HCZDB numbers and adjective identifiers) is also provided (Table
2.2-3). A total of 114 genera and/or species have been positively identified
from 87 samples. These data (including prasence/absence, number of individuals

2.2-11
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Table 2.2-2.

A PHYLETIC CHECKLIST OF BENTHIC

ORGANISMS COLLECTED FROM PEARL HARBOR

Species/Group

Porifera

Demos

Cnidaria

pongiae

Hydrozoa
Hydroida

Antho
Ac

Nematoda

Annelida
Polyc
Err

20a
tinaria
Stoichactinidae
Radianthus cookeil
Isophellidae
Epiphellia humilis

haeta
antia
Aphroditidae
Paralepidonotus ampulliferus
Iphione muricata
Amphinomidae
Eurythoe complanata
Syllidae
Syllis sp. ‘
Syllis (Haplosyllis) spongicola
Syllis (Langerhansia) cornuta
Trypanosyllis zebra
Opisthosyllis SP.
Nereidae
Ceratonereis SPp.
Nereis Sp.
Micronereis SPp.
Platynereis Sp.
Perinereis Sp.
Perinereis cultrifera
Laeonereis Sp.
Eunicidae
Eunice antemnata
Eunice australis
Eunice filamentosa
Funice vittata
Zwnice (Palolo) siciliensis
Eunice (Nictdion) Sp.
Marphysa sanguinea
Nematomereis unicornis

2.2-13

Feeding/Hab-
HCZD8 # itat Type*
352X XXXXXX S-s
37T11XXXXXX S-s
3742200101 C-s
3742290201 C-s
S51XXXXXXXX 0-p/f
5511012201 c-f
5511012401 c-f
5511040201 0-m
5511140100 H-f
5511140108 0-f
5511140109 H-m
5511140301 0-f
5511140400 0-f
5511160100 H-f
5511160400 C-f
5511160500 H-f
5511160600 C-f
5511160800 C-f
5511160803 0-f
5511160900 H-f
5511200102 C-f
5511200103 0-f
5511200105 0-f
5511200108 C-f
5511200109 0-f
5511200111 H-f
5511200303 C-f
5511200401 0-f



Table 2.2-2. (Continued)

Paramarphysa sp. 5511200500 0-f
Diopatra Sp. 5511202200 S-t
Oenone fulgida 5511204201 0-f
Lumbrinerid sp. 5511206201 D-f
Arabella sp. 5511208100 0-f
Annelida
Polychaeta
Sedentaria
Cirratulidae
Cirratulus Sp. 5521040100 D-b/f/m
Chaetopteridae 552107XXXX S-t
Orbiniidae 552108XXXX D-f/t
Capitellidae 552113XXXX D-b
Dasybranchus lumbricoides 5521130101 D-b/f
Terebellidae 552122X XXX S-t
Sabellidae 552123XXXX S-t
Serpulidae
Hydroides norvegica 5521244201 S-s/c/t
Hydroides lunulifera 5521244204 S-s/c/t
Sipunculida
Phascolosoma dentigerum 5611010103 D-b/f
Arthropoda
Pycnogonida 639XXXXXXX c-f
Crustacea
Ostracoda 643XXXXXXX S-f
Cirripedia
Balanidae
Balanus amphitrite hawaiiensis 6451070102 S-s
Malacostraca
Tanaidacea
Apeeudes sp. 1 " 6468010102 H-f
Apseudes Ssp. 2 6468010103 H-f
Leptochelia dubia 6468130101 0-f
Anatanais insularis 6468140201 c-f
Isopoda
Mesanthura hieroglyphica 6471060201 H-f
Hanseénolana sphaeromiformis 6471160201 o-f
Limoria Sp. 6471210100 0-b
Paracerceis sculpta 6471220201 H-f
Colidotea edmondsoni 6471270101 0-f
Amphipoda
Lemboes macromanus 6473080405 S-t
Corophium acherusicum 6473180103 D-t
Ericthoniu. brasiliensis 6473180201 S-t
Elasmospus rapax 6473250209 D-f
Leucothoe hyhelia 6473380101 D-f
Caprellidae 647 3XXXXXX C-f

2.2-14
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Table 2.2-2. {(Continued)

>

,,.
s
N~

Decapoda/Natantia
Alpheus sp.
Alpheus lobidens polynesica
Alpheus mackayi
Alpheus rapax
Alpheus rapacida
Alpheus platyunguiculatus
Alpheus paracrinitus
Alpheus lanceloti
Alpheus heeia
Leptalpheus pactificus
Synalpheus pachymeris
Synalpheus thai
Synalpheus streptodactylus
Synalpheus bituberculatus
Decapoda/Reptantia
Caleinus latens
Parthenope whitet
Libystes nitidus
Portunus longispinosus
Thalamita integra
Thalamita admete
Grapsid sp.
Platypodia eydouxi
) Lophozozymus dodone
.., Madaeus simplex
- Leptodius sanguineus
Xanthias Sp.
Carpilodes bellus
Etisus electra
Etisus laevimanus
Panopeus pactficus
Phymodius nitidus
Cholorodiella laevisaima
Pilumus oahuensis
Macrophthalmus telescopicus
Stomatopoda
Pgeudosquilla ciliata
Gonodactylus falcatus

R
b

Mollusca
Gastropoda
Mesogastropoda

Vermetidae
Dendropoma platypus

Cerithiidae
Bittiwm wnilineatwr

Hipponicidae
Hipponix sp.
Hipponix pilosus

2.2-15

6483411000
6483411001
6483411002
6483411003
6483411004
6483411005
6483411024
6483411027
6483411036
6483411101
6483411201
6483411202
6483411204
6483411212

6487130302
6488260104
6488311201
6488312106
6488313301
6488313303
648832XXXX
6488330504
6488330602
6488330801
6488331001
6488331100
6488331404
6488331901
6488331905
6488332201
6488332303
6488332402
6488335806
6488371301

6489010101
6489010201

7022430101
7022540202

7022720100
7022720101



Table 2.2-2. {(Continued)
Calyptraeidae
Cructbulum spinosum 7022750101
Crepidula aculeata 7022750201
Naticidae
Natica gualteriana 7022910101
Cymatiidae
Cymatium SPp. 7022940100
Mollusca
Bivalvia
Mytiloida
Mytilidae
Brachidontes (=Hormomya) 7054010301
erebristriatus
Pterioida
Ostreidae .
Crasgostrea Sp. 7055060100
Ostrea thaamumi 7055060202
Spondylidae
Spondylus Sp. 7055130100
Anomiidae
Anomia nobilis 7055200101
Veneroida :
Lucinidae
Ctena bella 7056290101
Tellinidae .
Angulus nucella (=Pinguitelling 7056620302
robusta)
Myoida
Hiatellidae
Hiatella hawaiensis 7057100101
Ectoprocta
Gymnolaemata
Ctenostomata
Vesiculariidae
Amathia distans 7511010101
Cheilostomata
Bicellariellidae
Bugula neritina 7513060101
Bugula californica 7513060102
Echinodermata
Asteroidea
Gnathophiurida
Ophiactidae
Ophiactis savignyt 7841010102
Amphiuridae
Amphiopholis squamata 7841030301

2.2-16
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Holothuroidea

"Table 2.2-2. (Continued)

Aspidochirota
Holothuridae

Holothuria pervicax

Chordata
Urochordata

Ascidiacea

7871030306

Phallusidae

Ascidia Sp.

8311040100

Polyclinidae

Polyclinum sp.

8311130200

Styelidae

Styela sp.

Chordata
Osteichthyes

8312020100

Perciformes
Gobiidae

Oxyurichthys lonchotus
Bathygobius fuscus

8555600201
8555600802

Eleotridae

Asterropteryx semipunctatus

*LEGEND

C
H
0
S
D

second (or

8555605301

first letter (1ndicates general feeding type)

= carnivore

= herbivore

= omnivore .

suspension feeder
detritivore, scavenger

S-f/b

0-f/b
C-f

C-f/b

third, fourth...) letter (habitat/attachment-related

f

T33O0 crnO

e TeaTh "R TA"R"e T a*a"a"a"a tate"a"

= free-living

= parasitic

sessile, attached to substrate
tube-dwelling

cement-forming

mat forming

burrowing, boring, or nestling

2.2-17
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Table 2.2-3. AN ALPHABETICAL LIST OF PEARL HARBOR
BENTHIC ORGANISMS- COLLECTED JAN-MAR 1972.

¢.2-18

Species Common_Name*
Alpheus heeia SS
Alpheus lanceloti SS
Alpheus lobidens polynesica SS
Alpheus mackayi SS
Alpheus paracrinitus SS
Alpheus platyunguiculatus SS
Alpheus . SS
Alpheus rapax SS
Alpheus Sp. SS
Amathia distans BR
Amphiopholis squamata BS
Anatanais insularis TA
Angulus nucella BI

~Anomia nobilie BI
Apseudes sp. | TA
Apseudes sp. 2 TA
Arabella sp. EP
Ascidia sp. AS
Asterropteryx semipunctatus FISH
Balanus amphitrite hawaiiensis BA
Bathygobius fuscus FISH
Bittium unilineatum GA
Brachidontes (=Hormomya) crebristriatus BI
Bugula californica BR
Bugula neritina BR
Calcinus lgtens HC
Carpilodes bellus TC
Ceratomereis Sp. EP
Chlorodiella laevissima TC
Cirratulus Sp. SP
Colidotea edmondsoni IS
Corophium acherusicum AM
Crassostrea Sp. BI
Crepidula aculeata GA
Cructibulum spinosum GA
Ctena bella BI
Cymatiwn Sp. GA
Dasybranchus lumbricoides SP
Dendropoma platypus GA
Diopatra Sp. EP
Elasmospus rapax AM
Epiphellia humilis SA
Ericthonius brasiliensis AM
Etisus electra TC
Etisus laevimanus TC
Eunice antennata EP
Eunice australis EP

> FRRY -
..........

HCZDB #

6483411036
6483411027
6483411001
6483411002
6483411024
6483411005
6483411004
6483411003
6483411000
7511010101
7841030301
6468140201
7056620302
7055200101
6468010102
6468010103
5511208100
8311040100
8555605301
6451070102
8555600802
7022540202
7054010301
7513060102
7513060101
7487130302
6488331404
5511160100
6488332402
5521040100
6471270101
6473180103
7055060100
7022750201
7022750101
7056290101
7022910101

5521130101

7022430101
5511202200
6473250209
3742290201
6473180201
6488331901
6488331905
5511200102
5511200103
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Table 2.2-3.

Eunice filamentosa
Eunice (Palolo) sticiliensis
Eunice vittata

Eunice (Nicidton) Sp.
Eurythoe complanata
Gonodactylus falcatus
Hansenolana sphaeromiformis
Hiatella hawaiiensis
Hipponix pilosus
Hipponixz Sp.
Holothuria pervicax
Hydroides lunulifera
Hydroides norvegica
Iphione muricata
Laeonereis Sp.

Lembos macromanus
Leptalpheus pacificus
Leptochelia dubia
Leptodius sanguineus
Leucothoe hyhelia
Libystes nitidus
Limnmoria SPp.
Lophosozymus dodone
Lumbrinerid sp.
Macrophthalmus telescopicus
Madaeus simplex
Marphysa sanguinea
Mesanthura hieroglyphica
Micronereis SP.

Natica gualteriana
Nematonereis unicornis
Neretis SPp.

Oenone fulgida
Ophiactis savignyi
Opisthosyllis Sp.

Ostrea thaanumi
Oxyurichthys lonchotus
Panopeus pactificus
Paracerceis sculpta
Par_:lepidonotus ampulliferus
Paramarphysa Sp.
Parthenope whitei
Perinereis cultrifera
Perinereis Sp.
Phascolosoma dentigerum
Phymodius nitidus
Pilumus oahuensis
Platyrereis Sp.
Platypodia eydouxi
Polyclimam >p.

(Continued)

5511200105
5511200109
5511200108
5511200111
5511040201
6489010201
6471160201
7057100101
7022720101
7022720100
7871030306
5521244204
5521244201
5511012401
5511160900
6473080405
6483411101
6468130101
6488331001
6473380101
6488311201
6471210100
6488330602
5511206201
6488371301

- 6488330801

5511200303
6471060201
5511160500
7022910101
5511200401
5511160400
5511204201
7841010102
5511140400
7055060202
8555600201
6488332201
6471220201
5511012201
5511200500
6488260104
5511160803
5511160800
5611010103
6488332201
6488335806
5511160600
6488330504
8311130200

2.2-19
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Table 2.2-3. (Continued)

Portunus longispinosus
Pseudosquilla ciliata
Radianthus cooket
Spondylus sp.

Styella sp.

Syllies cormuta

Syllie spomgicola

Syllis sp.

Synalpheus bituberculatus
Synalpheus pachymeris
Synalpheus streptodactylus
Synalpheus thai
Thalamita admete
Thalamita integra
Trypanosyllis zebra
Vermetid sp.

Xanthias Sp.

*Common Name/adjective identifier

TC
MS
SA
BI

EP

Key: AM = amphipod crustacean
AS = ascidian, tunicate
BA = barnacle
BI = bivalve mollusk, clam-1ike
BR = bryozoan
BS = brittle star
EP = errant polychaete worm
GA = gastropod mollusk, snail-like
HC = hermit crab
IS = isopod crustacean
MS = mantis shrimp
PW = peanut worm
SA = sea aremone
SC = sea cucumber
SP = sedentary polychaete worm
SS = snapping shrimp
TA = tanaid crustacean
TC = true crab

2.2-20

6488312106
6489010101
3742200101
7055130100
8312020100
5511140109
5511140108
5511140100
6483411212
6483411201
6483411204
6483411202
6488313303
6488313301
5511140301
7022430000
6488331100



and alcohol weights) for each organism are listed in Tablc 2.2-4. Where an
organism is present at a given blo-station, three entries are made in vertical
. sequence: top = number of individuals, middle = total wet weight of all
v individuals, and bottom = mean individual wet weight (a dash in the middle posi-
tion indicates that the particular organism was not found at the given bio-
station). It is significant to note initially that 28 of these taxa (or 24.5%
of the 114 genera/species) occurred only at bio-station BC-11. This bio-station
has continued to represent the greatest variability and diversity of Pearl
Harbor organisms. While originally chosen for its proximity to a domestic
sewage outfall, bio-station BC-11's geographic position at the entrance to
Pear] Harbor strongly influences its biotic constituents. Of the 28 organisms
collected only at BC-11, 2] species were crustaceans (including 4 alpheid
species), 4 molluscan spectes, 2 polychaete species and one species of holo-
thurian (sea cucumber).

Summary data for benthic organisms (by station) are listed in Table
2.2-5 and displayed geographically in Figures 2.2-6 (# species), 2.2-7
(mean number of individuals) and 2.2-8 (mean wet (alcohol) weights).
Bio-stations BC-11, BW-13, BC-09 and BE-05 exhibit the most diverse ben-
thic faunas, 1.e. the greatest number of species and individuals. Wet
weight values are significantly elevated for these 4 bio-stations due to
abundant sponge growth (Table 2.2-6); many other organisms (especially
polychaetes, certain crustaceans such as alpheid shrimp and amphipods,
and the mollusc, Hiatella hawaiensie, have a strong affinity for sponge
comunfties. The absence of major phyla or other large groups (see Ta-
ble 2.2-6) from certain bio-stations (BE-04, BE-02, BE-03, and BE-17)
indicates some degradation in those environments. Specifically, the
absence of echinoderms, amphipods, i1sopods/tanaids and decapods at bio-
oy station BE-04 supports the position that it is the least favorable bio-
‘Q station for benthic organisms. One phylum, the echinoderms, sharply
: divides the ten bio-stations in half on the basis of presence or ab-
sence. With the exception of BM-07, the most biologically healthy bio-
stations would appear to be those where echinoderms were present.

As may be seen from Table 2.2-4, many benthic organisms occur at only a
few bio-stations. However, same organisms are common to many of the bio-stations
and 14 of these more common benthic species have been selected to represent
distributional patterns within the harbor. The selection of these species from
a range of major taxonomic groups (i.e. annelids, crustaceans, mollusca, echino-
derms, bryozoans and tunicates) enables numerical comparisons (mean number of
individuals and mean wet weight values) among bio-stations. Furthermore, the
species selected represent the most widely distributed species in the samples
and at the ten bio-stations. These species inhabit a greater range of Pearl
Harbor benthic environments and, presumably, exhibit a wider range of environ-
mental tolerance than those organisms occurring, for instance, only at BC-11
(see discussion of these 28 species earlier in this section). These 14 selected
common benthic organisms are listed in Table 2.2-7 with pertinent summary data.
There are no strong depth specificity patterns for any of these species. The
polychaete worm, Nereis sp., and the bryozoan, Bugula neritina, do, however,
show a tendency to inhabit deeper waters (22-28 ft.). The crustaceans, Pilwmus
oahuensis and Apseudes sp. 1, tend to be more numerous in shallower waters
(11-12 ft.). Most of the selected organisms were collected from a wide range of
depths (2-45 ft.).

N
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Bio-station

BE-02
BE-03
" BE-04
BE-05
BM-07
BC-09
BC-10
BC-11
BW-13
BE-17

Table 2.2-5. SUMMARY DATA FOR ORGANISMS COLLECTED DURING
THE PEARL HARBOR BENTHIC FAUNAL SURVEY.
No. Samples No. species _ total individuals total weight(grams)
analyzed (minimum) (X individuals/sample) (X weight/sample)
9 30 185 (21) 10.29 (1.14)
o 43 308 (34) 217.60 (24.18)
6 8 24 (4) .75 (0.13)
9 51 5256 (584) 698.00 (77.56)
6 21 155 (26) 21.41 (3.57)
9 70 3945 (438) 2288/62 (254.30)
6 32 85 (. 17.89 (2.98)
15 99 4968 (331) 411.92 (27.46)
9 &1 1923 (214) 285.61 (31.73)
9 25 80 (9) 5.04 (0.56)
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Table 2.2-6. MEAN WET WEIGHT (GRAMS) PER SAMPLE
OF MAJOR BENTHIC FAUNAL GROUPS IN
PEARL HARBOR AT TEN BIO-STATIONS.
Bio- Bryo- Poly- Mol- Echino- Isopods/

station Sponges zoans chaetes lusc derms Amphipods Tanaids Decapods
BE-02 .038 - .130 .013 - .007 .008 .724
BE-03 21.576 .017 .340 2.829 - .002 .003 .410
BE-04 .017 .008 .004 .081] - - - -
BE-05 65.264 - 5.084 4.792 .025 .181 .204 1.220
BM-07 .536 .183 .067 .477  .003 .010 .001 AN
8C-09 234.012 .001 4.827 8.695 1.253 N .041 2.714
BC-10 .697 431 .850 .937 - .001 .005 .307
BC-T1 i4.781 .001 3.601 3.927 .175 .073 311 2.811
BW-13 25.54] .001 1.308 3.234 .172 .056 .224 774
BE-17 .050 .007 .092 .608 - .001 .001 .401

YoMLY L YL wore
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Table 2.2-7. SELECTED COMMON BENTHIC FAUNAL ORGANISMS
PRESENT IN SAMPLES FROM PEARL HARBOR.

# Samples # Bio-stations
Common containing containing Depth (ft.)
Species _name* organism organism range  mean
Hiatella hawaitiensis BI 44 9 1-47 15.9
Nereis sp. EP 33 10 .5-48 21.4
Bugula neritina BR 27 8 2-48 27.8
Corophium acherusicum AM 26 7 .5-48 14.6
Apseudes sp. 2 TA 26 6 2-40 13.6
Eurythoe complanata EF 25 8 .5-32 13.9
Nematonereis unticornis EP 23 8 .5-44 15.3
Pilumus oahuensis TC 23 8 2-31 11.8
Thalamita integra TC 21 9 2-44 17.4
Apseudes sp. 1 TA 21 6 2-42 12.7
Ophiactis savignyi BS . 20 .5 2-42 13.3 {f
Etisus laevimanus TC 12 5 2-48 18.8
Crepidula aculeata GA 12 5 2-36 13.2
Ascidia Sp. AS 9 7 3-43 19.2

*1egend for common names may be found in Table 2.2-3.
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Distributional patterns for these selected species are mapped in Figures
2.2-9 through 2.2-22. Except for colonial organisms, the mean number of
individuals (per cubic foot*) is given first followed by the mean wet weight
(per cubic foot) given in parentheses. The presence of Bugula neritina, a
colonial bryozoan, is indicated by the letter "P". Zero indicates the absence
of a species at a particular bio-station. A dot indicates presence in low
numbers (mean number of individuals <0.5).

The three polychaete worms, Nereis sp., Eurythoe complanata, and Nematonereis
wnicornig, are widely distributed throughout the harbor. The high mean abundance
of Nereis at bio-station BE-17 (see Figure 2.2-9) is indicative of its high
tolerance for a benthic environment high in total heavy metal content (see
Section 4.1). Eurythoe complanata and Nematonereis unicornis are most numerous
at bio-stations BE-05 and BC-11, stations with relatively more diverse, and
presumably higher, quality benthic environments (see Figures 2.2-10 and 2.2-11).

The tanaid crustaceans, Apseudes sp. 1 and Apseudes sp. 2, are most abundant
at bio-stations BE-05, BW-13, BC-09 and BC-11 illustrating their affinity for the
diverse sponge growth at these bio-stations. The amphipod, Corophium ascherusicun,
shows a similar distributional pattern (see Figure 2.2-14).

The xanthid crabs, Pilumus oahuensis and Etisus laevimanus, show somewh. '
contrasting distributional patterns throughout the harbor, with some exccgiions.
Pilumus can tolerate most benthic environments, even in the shipyard complex,
but is conspicuously absent from BE-04 and the sometimes anoxic bottom at BM-07.
Etiesus is not found at any inner harbor bio-stations except BE-05 and BC-09, two
remarkably similar, higher quality benthic environments located at opposite ends
(east-west) of Ford Island ?see Figure 2.2-17). A third crab, the portunid

(Thalamita integra), 1s widely distributed in the harbor; however, 1t again oc-
curs most numerously at BE-05 and BC-09. A1l aforementioned crabs are benthic
scavengers whose distributions may vary seasonally with avajlable food supplies.

The bivalve mollusk, Hiatella hawaiiensis, was collected in more benthic
samples (44) than any other single organism (see Table 2.2-7). This small
nestling clam inhabits benthic environments at all bio-stations except BE-04,
indicating a tolerance for all but the most stressed areas. Crepidula aculeata,
a gastropoc mollusk, is predominantly distributed at the channel stations BC-11,
BC-10 and BC-09, but is also present at BW-13 and BE-03 (see Figure 2.2-19).
This species has an affinity for vertical rock or piling surfaces.

The brittle star, Ophiatis savgnyi, is present only at bio-stations not
located in the shipyard/southeast loch complex and is most numerous at bio-
station BC-09 (see Figure 2.2-20). Echinoderms in general (with the exception
of another brittle star, Amphiopholic & ta and the holothurian, Opheodesoma
spectabilis) are remarkably absent from inner Pearl Harbor. Echinoids (sea urchins)
have been observed only at bio-station BC-11.

e —————

* for convenience in presentation, values have been converted from the
actual sample volume of 0.3 ft3 to a standard volume of one cubic foot.
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PEARL HARBOR, OAHU, HAWAN

SCALE IN FEET

Thalamita integra

Figure 2.2-16.
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SCALE IN FEET

-

Etisus laevimanus

Figure 2.2-17.
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Crepidula aculeata

Figure 2.2-19.
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SCALE IN FEET

i8 savignyti

Ophiact

Figure 2.2-20.
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The bryozoan, Bugula neritina, is seen to be most abundant well inside the
harbor at bio-stations BM-07, BE-03, BC-10, BE-17 and BE-04 which are subjected
to the greatest shipyard and domestic sewage influences. Bugula neritina has
been well documented as a major fouling organism (Reference 2.2-7) and this hardy
species indeed thrives inside Pearl Harbor. The solitary tunicate, 4seidia sp.,
is evenly distributed at 7 bjo-stations, but is absent from bio-stations BE-02,
BE-04 and BE-17, again indicating an intolerance for only the most stressed
- benthic environments.

Ten species of benthic algae have been identified from 145 benthic samples.
These data are summarized in Table 2.2-8. Algae were completely absent from
samples at bio-stations BM-09 and BE-03. The number of algal species present
at the 8 remaining bio-stations is presented in Figure 2.2-23. Volumetric
measurements (millimeters of water displaced) are presented for the combined
benthic algal species collected at each bio-station in Figure 2.2-24 (re-
ported values represent the mean per sample). The benthic algal species and
abundance data again i1lustrate that the bio-station cluster BC-11, BC-09,
BW-13 and BE-05 represents the more productive and diverse benthic environ-
ments within Pear]l Harbor.

The ulvoids, Ulva reticulata and Ulva sp., are the most widely distributed
(7 bio-stations) and abundant algal species within the harbor. Acanthophora
spicifera and Hypnea cervicornis occur only at shallow depths (1-4 ft.), while
other algal species exhibited no strong depth specificities.

DISCUSSION

The species and numbers of organisms collected during the benthic survey
provide certain patterns in distribution throughout Pearl Harbor. These patterns
are related to a combination of factors in the benthic environment. Substrate
type undoubtedly is a major factor in producing these variations in distribution.
Water circulation, siltation and the presence of certain toxic contaminants both
in the water column and in the sediments are also important 1imiting factors to
the benthic biota.

The most obvious patterns observed are the uniqueness of the benthic
organisms inhabiting bio-station BC-11, the marked similarity of benthic faunas
at bio-stations BC-09 and BE-05, and the similarity of benthic flora and fauna
in the shipyard/southeast loch stations (BE-04, BE-03, BE-02, and BE-17).
Recognition of these major areas is discernible through their benthic faunas.

The selection of certain organisms commonly occurring in the benthic samples
has provided an opportunity to reevaluate their tolerances for 1iving in stressed
benthic environments. Specifically, organisms such as Bugula neritina appear to
indicate an affinity for degraded environmental quality as exists at bio-station
BE-04. A variety of organisms must be examined 1f any useful patterns in
environmental conditions are to be evaluated. For further analyses of these
data, see Section 4.4.
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Table 2.2-8.

Species*
Acanthophora spicifera

Caulerpa verticillata
Centroceras clavulatum
Cladophora Sp.
Gracilaria lichenoides
Griffithsia sp.

Hypnea cervicornis
Spyridia filamentosa
Ulva reticulata

Ulva sp.

* A phyletic listing for
of the Report.

BENTHIC ALGAE PRESENT IN BOTTOM SAMPLES

COLLECTED FROM PEARL HARBOR (mls displaced

in a1l samples)

BE-02 BE-04 BE-05

- = ]‘0
114.0 - 1.0
- - 1.0
= - 4.0
. - 1.0
. 0.5 "
0.5 2 -

BC-09 BC-10 BC-11 BW-13 BE-17
276.5 -  18.5 0.5 .
» . 6.0 .
- < 0.5 %
‘12.5 0.5 3.5 " -
a.c - 1.0 " .
232.5 -  88.5 . =
0 s P58 BB 1.0
155.0 0.5 58.5 0.5 0.5

these species is presented in the Cumulative Checklist
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GENERAL INFORMATION

During the period 18 to 31 January 1972, sediment samples were taken at
18 locations in Pearl Harbor (see Figure 2.3-1) using the bottom sampler de-
scribed in Section 2.2. This device collects a sample 1 foot square and 4
inches deep, 1/3 ft3 or 0.0094 m3. An aliquot of approximately 500 cm3 was re-
moved from each sample and given to Prof. E. Alison Kay, University of Hawaii,
for micromolluscan analysis. The remaining material in 10 of these samples was
processed for bottom infauna, see Section 2.2. Due to limited funds and man-
power, eight of the bio-stations were discontinued in February 1972. No fur-
ther sediment processing, other than micromolluscan analysis, was performed.
Field data on all micromolluscan sediment samples are summarized in Table 2.3-1;
if samples were also processed for bottom infauma, the same sample number ap-
pears in Table 2.2-1. Micromolluscan analysis, therefore, represents a broader
coverage of Pearl Harbor than that afforded by other sections of this report.
The samples include one from deep inside West Loch, three from Middle Loch, and
an interesting pair of samples taken from the cold or intake side and the warm
or outfall side of the Hawaiian Electric Company's (HECO) Waiau power plant
(temperature rise across the condensers is 5.5 to 7.2°C or 10 to 13°F, Refer-
ence 2.3-1). Sample BM-16 was taken within 50 feet of the Pearl City sewage
treatment plant diffuser heads and contained no micromollusca. This sample to-
gether with BM-08, BM-07, and BC-11, probably reflects sewage exposure 2ffects,

Micromollusca are those mollusca whose shells measure less than 10mm
in greatest dimension and are considered by some persons to be good potential
indicators of water quality. Volumetrically they may constitute as much as 1/3
of the sediments from reefs and subtidal waters in the Hawaiian Islands. These
sediment assemblages include not only juveniles of species which will eventual-
ly attain dimensions far greater than 10 mm and adults which mature at sizes as
small as 0.5 mm in diameter, but they appear to represent most of the spatial
and trophic components of molluscan communities in the immediate area of the
sample, that {s benthic, epifaunal and sessile mollusca. Analysis of assem-
blages in the manner utilized for Foraminifera, ostracod, cladoceran, and pol-
len grain studies* provides quantitative and qualitative data on abundance,
species composition and diversity. The advantages of the utilization of micro-
biota for ecological studies are well known: the techniques are utili.able in
any area having unconsolidated sediments, and large numbers of species can be
sampled with a minimum of effort, thus quantitative and qualitative inter-area
comparisons are facilitated. These advantages are enhanced by the use of mol-
lusca because of the great body of information which is available on the habits
and habitats of these animals. The disadvantages of the technique, notably in-
ability to distinguish between 1iving and dead shells and the effects of trans-
port, may be overcome by appropriate interpretation of the results.

Seventy-one species of micromollusca were recovered from the sediment sam-
ples; these are listed in Table 2.3-2. The taxonomic arrangement of the list
follows Taylor & Sohl (Reference 2.3-2) and HCZDB computer address codes are
given together with generalized feeding and attachment information. As in the
other sections, the phyletic 1isting is followed by an alphabetic listing,
Table 2.3-3.. Again phyletic position may be found in Table 2.3-2 by using the

* Namely, picking over standardized volumes (or weights) of sediments for their
biotic componerits.

2.3-1
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Table 2.3-1. MICROMCLLUSCA SAMPLING: FIELD KOTES

Bio-station Sample # Collection Depth General Description of the
Time/Date'72 (ft.) Bottom
BE-01 D* 03302 0910/19 Jan 30 soft mud and shell fragments
BE-02 03403 1025/20 Jan 25 very soft mud with Vermetid tube
debris
BE-03 04405 1152/27 Jan 38 medium to coarse mud with rock
rubble and shell debris
BE-04 05102 0842/31 Jan 28 very soft mud, small amount of
Vermetid tube debris
BE-05 03202 1032/18 Jan 15 coarse sand and shell debris
BE-OGc D 03106 1108/17 Jan 12 coarse mud with rocks, from Waiau
power plant intake side (cold)
BE-06w D 03102 0935/17 Jan 10 mud with polychaete worm tube mat-
ting, Waiau outfall (warm)
BM-07 04302 0829/26 Jan 38 very dark mud (anoxic), oyster
shell and hydroid debris
‘. BM-08 D 04304 -1010/26 Jan 15 mud with shell fragments
B BC-09 04212 1245/25 Jan 28 soft mud and shell debris, sponges
BC-10 03304 1114/19 Jan 36 soft mud, some rock rubble
BC-11 04102 0933/24 Jan 12 coarse sand with shell debris
BC-12 D 05104 1106/31 Jan 30 sand pocket amid coral heads
BW-13 03503 1025/21 Jan 25 soft dark mud (anoxic) with oyster
and hyvdroid debris
BW-14 D 04502 0945/28 Jan 22 so€t mud and shell fragments
BE-15 D 04504 1246/28 Jan 38 mud and calcareous debris
BM-16 D 04201 0801/25 Jan 36 very soft dark mud (anoxic)
BE-17 04401 0805/27 Jan 25 very soft mud, scrap metal
*D = bjo-station discontinued, February 1972.
Py
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Table 2.3-2. PHYLETIC CHECKLIST OF MICROMOLLUSCA

(PEARL HARBOR)
%
Gastropoda R
Archaeogastropoda
Scissurellidae
Scetissurella aequatoria 7021020101 H
Fissurellidae
Diodora granifera 7021050302 C-FG
Trochidae
Trochus histrio 7021120101 H
Euchelus gemmatus 7021120403 H
Turbinidae
Leptothyra rubricincta 7021140201 H
Leptothyra candida 7021140203 H
Phasianellidae
Tricolia variabilis 7021160101 H
Phenacoleapididae :
Phenacolepas Sp. 7021230100
Mesogastropoda H
Rissoidae i
Rissotna gracilis 7022260103 H
Rigsoina ambigua 7022260104 H
Rissoina turricula 7022260105 H
Rigssoina miltosona 7022260109 H
Merelina sp. 7022260400 H
Zebina tridentata 7022260501 H
Cithna sp. 7022260600 H pE
Parasl.iela beetsi 7022260701 H \
Vitrinellidae e
Cycloetremiscus minutiesimus 7022290101 H
Cyolostremiscus emeryi 7022290102 H
Cyclostremiscus sp. A 70222901xx H
Cyclostremigcus sp. B 70222901 xx H
Cyclostremiscus sp. C 70222901xx H
Cyclostremiscus sp. D 70222901 xx H
Rissoellidae
Rigoella Spp. 7022330100 H
Architectonicidae
Heliacus Sp. 7022380300 C-FG
Vermetidae
Vermetus Sp. 7022430400 S
Diastomidae
Diala varia 7022530101 H
Alaba gontochila 7022530201 H
Obtortio fulva 7022530301 H
Obtortio perparvulum 7022530302 H
Cerithiidae
Cerithium nesioticum 7022540102 H
Bittium hiloense 7022540201 H
Bittium zebrum 7022540202 H
Bittium impendens 7022540204 H
Bittium parcum 7022540205 H

2.3-4



Table 2.3-2 (Continued)

W
- Gastropoda
Mesogastropoda
Cerithiopsidae
Cerithiopeis sp. A
Cerithiopeis sp. B
Triphoridae
Triphora Spp.
Eulimidae
Balcie sp.
Letostraca Sp.
Hipponicidae
HEipponixz Spp.
Calyptraeidae
Crucibulum spinosum
Crepidula aculeata
Naticidae
Natieca sp.
Neogastropoda
Muricidae
Aspella producta
Buccinidae
Cantharus farinosus
Engina sp.
Fasciolariivae
Ao Peristernia chlorostoma
Qe Marginellidae
Kogomea sandwicensis
Cysticus sp.
Turridae
Carinapex Sp.
Turrid sp.

Entomotaeniata (Pyramidellacea)

Pyramidellidae
Odostomia patricia
Odostomia steamsiella
Odostomia eclecta
Odostomia indica
Odostomia oodes
Odostomia paulbartechi
Odostomia scopulorum
Odostomia Sp.
Turbonillia Sp.
Juliidae
Julia exquisita

(A

70225501xx
70225501xx

7022560100

702262C600
7022620700

7022720100

7022750101
7022750201

7022910100

7023010901

7023070401
7023070500

7023120201

7023210301
7023210400

702331xx00
702331xx00

7031010201
7031010207
7031010202
7031010203
7031010204
7031010205
7031010206
7031010200
7031010300

7039160101
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Bivaivia
Arcoida

Arcidae
Acar plicata

Table 2.3-2. (COntinued)

Barbatia nutting?

Arca Sp.
Mytiloida
Mytilidae

Brachidontes Sp.

Pterioida
Ostreidae
Ostrea SPp.
Anomiidae
Anomia nobilis
Veneroida
Lucinidae
Ctena bella

Pillucina spaldingi

Chamidae
Chama SPp.

Myoida

Gastrochaenidae
Rocellaria SP.
Hiatellidae

Hiatella hawatiensis

Key:

first 1atter
C = carnivore
H = nerbivore
S = suspension feeder

second/third letter
active predator

= benthic habitat
ectoparasite

faunal grazer

byssu® thread forming
cement forming

AP =

SO OTTMM®

2.3-6

7053010101
7053010202
7053010600

7054010300

7055060200
7055200101
7056290101
7056290301
7056470100

7057060100
7057100101

free

mat forming

b
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Table 2,3-3.

Acar plicata

Alaba goniochila
Anomia nobilis

Aroca Sp.

Aspella producta
Balete sp.

Barbatia nuttingt
Bittium hiloense
Bittium impendens
Bittium parcum
Bittium sebrum
Brachidontes sp.
Cantharus farinosus
Carinapezx Sp.
Cerithiopsie sp. A
Cerithiopsie sp. B
Cerithium nesioticum
Chama sp.

Cithna sp.
Crepidula aculeata
Cructbulum spinosum
Ctena bella
Cyclostremiscus kennyi

Cyclostremiscus minutissimus

Cyclostremigcus sp. A
Cyclostremiscus sp. B
Cyclostremigscus sp. C
Cyclostremiscus sp. D
Cysticus sp. *

Diala varia

Diodora granifera
Engina sp.

Euchelus gemmatus
Heliacus sp.

Hiatella hawaiensis
Hipponiz spp.

Julia exquisita
Kogomea owidivicensis

Letostraca sp.

Leptothyra candida
Leptothyra rubricincta
Merelina sp.

Natica sp.

Obtortio fulva
Obtortio perparvulum
Odostomia eclecta
Odostomia indica
Odostomia oodes
Odostomia patricia
Odostomia paulbartechi
Odostomia scopulorum
Odostomia steamsiella
Odoetorria sp.

ALPHABETIC CHECKLIST OF MICROMOLLUSCA

(PEARL HARBOR)

88
MG
BC
88
NG

AG

53010101
22530201
55200101
53010600
23010901
22620600
53010202
22540201
22540204
22540205
22540202
54010300
23070401
2331xx00
225501xx
225501xx
22540103
56470100
22260600
22750201
22750101
56290101
22290102
22290101
222901xx
222901xx
222901xx
222901xx
23210400
22540601
21050302
23070500
21120403
22380300
57100101
22720100
39160101
23210301
22620700
21140203
21140201
22260400
22910100
22530301
22530302
31010202
31010203
31010204
31010201
31010205
31010206
31010207
3101020y
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Table 2.3-3. (Continued)

Ostrea SPp. BC 55060200
Parashiela beetsi MG 22260701
Peristernia chlorostoma NG 23120201
Phenacolepas SP. MG 21230100
Pillucina spaldingt BF 56290301
Risoella SPp. MG 22330100
Rissoina ambigua MG 22260104
Rissoina gracilis MG 22260103
Rigssoina miltozona MG 22260109
Rissoina turricula MG 22260105
Rocellaria SP. BF 57060100
Scissurella aequatoria AG 21020101
Tricolia variabilis AG 21160101
Triphora SPP. MG 22560100
Trochus histrio AG 21120101
Turbonilla SP. PP 31010300
Turrid sp. NG 2331xx00
Vermetus SPp. MG 22430400
Zebina tridentata MG 22260501

Key:

AG = archeogastropod

BB = bivalve, byssal thread forming

BC = bivalve, cement forming _ <3
BF = bivalve, free : (::
BM = bivalve, mat forming

MG = mesogastropod
NG = neogastropod
PP = pyramidellid

-------------
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HCZDB number listed in Table 2.3-3; in the latter table, the prefix 70, indicat-
ing mollusc, has been dropped.

METHODS

Sediment samples were subsampled in volumes of 25 cm3 (or lesser volumes,
if appropriate); all data are, however, reported for the standard volume. The
subsamples were picked over under a dissecting microscope for all the small mol-
lusca they contained; the shells were identified to species and counted. Be-
cause of the extremely silty nature of the sediments, the shells were usually
covered by a thin coat of mud which rendered them nearly indistinguishable from
other non-molluscan components. The samples were, therefore, treated with a
0.3% solution of hydrogen peroxide. This treatment provided sufficient agita-
tion to remove the mud coating thus facilitating identification.

In the analyses, the number of bivalve shells counted in each sample was
divided by two to obtain the number of individuals at each bio-station.

DATA/RESULTS

A total of 37 species were identified at bio-stations within Pearl Harbor
and 53 species were found at bio-station BC-12 located just outside the harbor;
18 species were common to both. These common species and also those found only
within the harbor or only at BC-12 are presented in Table 2.3-4. The species
and numbers present at each bio-station (except BM-16 which had no 1iving organ-
isms) are presented in Table 2.3-5. Also presented in Table 2.3-5 are the to-
tal number of species and individuals at each bio-station together with the num-
ber of mollusca per unit volume of sediment. The mean molluscan density for all
bio-stations within Pearl Harbor is 6.4/cm3 (6.1/cm3 if BM-16 1s included), with
values ranging from 0.8/cm3 at BM-08 (0/cm3 at BM-16) to 32.3/cm3 at BE-O6w,
the thermal outfall from the Waiau power plant. The density-at BC-12 outside
Pearl Harbor s 13.5/cm3.

The percentage composition for those species representing more than 1% of
the individuals in the micromolluscan assemblage is given for each bio-station
in Table 2.3-6. Dominant members of these assenblages are also mapped in Fig-
ure 2.3-2. Note BC-12 stands as a unique assemblage. Note also the ab-
sence of micromullusca at BM-16.

The most abundant species, which are also the most widely distributed with-
in the harbor, are the bivalve Hiatella hawatensis, the pyramidellids Odostomia
oodes and 0. indica, and the mesogastropod 1impet Crepidula aculeata. For bio-
stations within the harbor (excluding BM-16), Hiatella constitutes 8 to 97% of
the assemblages with an average of 36%; Odostomia oodes, 3 to 63% with an aver-
age of 25%; 0. indica, 0 to 34% with an average of 10%; and Crepidula, 0 to 63%
again with an average of 10%. Hipponix spp. and 0. stearmstella are common,
both occurring at 10 bio-stations within the harbor. Al1l six species also occur
at BC-12 (see Tables 2.3-4 and 2.3-5), but their numbers are such that they con-
stitute 1% or less of the total assemblage.

2.3-9
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Table 2.3-4.

DISTRIBUTION OF MICROMOLLUSCAN SPECIES
BETWEEN PEARL HARBOR BIO-STATIONS AND BC-12

PEARL HARBOR ONLY

Anomia nobilis

Aroa SP.

Bittium zsebrum
Cantharus farinosus
Cerithiopsis sp. A
Chama SP.

Cructbulum spinoswm
Ctena bella
Cyelostremiscus SP. B
Engina SP.

Hiatella hawatensis
Natica SP.

Obtortio fulva
Odostomia Sp.
Peristernia chlorostoma
Ptllucina spaldingi
Rocellaria spp.
Trochus histrio
Turrid sp.

total = 19

COMMON SPECIES

Aspella produata
Balois sp.

Bittiwm parcum
Brachidontes sp.
Crepidula aculeata
Diala varia

Euchelus gemmatus
Heliacus sp.

Hipponiz spp.
Leptothyra rubricincta
Odostomia oodee
Odostomia paulbartschi
Odostomia stearnsiella
Odostomia indica
Ostrea sp.

Risoella spp.
Triphora sp.
Turbonilla sp.

total = 18

BB-S-c
BB-S-b
MG-H
NG-C-AP
MG-C-FG
BB-S-c
MG-S
BB-S-B-f
MG-H
NG-C
BB-S-m
MG-C-AP-B
MG-H
PP-C-E
NG-C
BB-S-B-f
BB-S-f
AG-H
NG-C

Nggg
MG-C-FG
MG-H
BB-S-b
MG-S
MG-H
AG-H
MG-C-FG
MG-H
AG-H
PP-C-E
PP-C-E
PP-C-E
PP-C-E
BB-S-c
MG-H
MG-C-FG
PP-C-E

BC-12 ONLY

Acar plicata
Alaba goniochila
Barbatia nuttingi
Bittium hiloense
Bittium impendens
Carinapex SP.
Cerithiopsis Sp. B
Cerithiwn nesioticum
Cithna SP.
Cyclostremigcus emeryi
Cyclostremiscus minutissirue
Cyelostremiscus SP. A
Cyclostremiscus SP. C
Cyelostremiscus sp. D
Cysticus Sp.
Diodora granifera
Julia exquisita
Kogomea sandwicensis
Letostraca Sp.
Leptothyra candida
Merelina sp.
Obtortio perparvulum
Odostomiq eclecta
gggatomiq patricia
dostomiq 8qopulorum
Parashiela beetsi
Phenacolepas sp.
Rigsoina ambigua
Rissoina gracilis
Rissoina miltosona
Rissoina turricula
Seissurella Sp.
Tricolia variabilis
(Vermetus sp.)*
Zebina tridentata
total = 35

BB-S-b
MG-H
B8-S-b
MG-H
MG-H
NG-C
MG-C-FG
MG-H
MG-H
MG-H
MG-H
MG-H
MG-H
MG-H
NG-C-FG
AG-C-FG
PP-H
NG-C-FG
MG-C-FG
AG-H
MG-H
MG-H
PP-C-E
PP-C-E.
PP-C-E
MG-H
MG-H
MG-H
MG-H
MG-H
MG-H
AG-H
AG-H
MG-S
MG-H

* known to occur in Pearl Harbor but

found only in BC-12 assemblage.

Key: AG = archaeogastropod, AP = active predator; B = benthic habitat; b =
byssal thread forming; BB = bivalve; C = carnivore; ¢ = cement forming; E =
ectoparasite; f = free; FG = faunal grazer; H = herbivore; MG = mesogastro-
pod; m = mat forming; NG = neogastropod; PP = pyramidellid; S = suspension

feeder.
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Four patterns are distinguishable among the bio-stations on the basis of
species composition and number of species (Figure 2.3-3): Higtella/Odostomia PO
indica dominated assemblage with relatively few species (2 to 9); an Odostomia Nl
oodes dominated assemblage with in general relatively more species (13 to 18); ‘
a Crepidula dominated station with 12 species; and a varied Tricolia/Cithna
assemblage with more than 50 species. The Hiatella/0. indica assemblage is
found at BE-01, BE-03, BE-04, BE-O6w, BM-07, BC-10, BE-15, and BE-17, a group
of bio-stations located for the most part on the southeastern periphery of East
and Middle Lochs. The 0. oodes assemblage is found at BE-02, BE-05, BE-06¢,
BM-08, BC-09, BW-13, and BW-14, a group of bio-stations variously distributed
throughout the harbor, many of which are, however, located on northwestern shore-
lines. Bio-stations BC-11 and BC-12 are unique. Bio-station BC-11, near the
Iroquois Point sewage treatment plant diffusers, is the Crepidula-dominated
assemblage; however, if this dominant species is omitted, the remainder of the
assemblage resembles both in species and numbers the 0. oodes assemblage. Bio-
station BC-12, outside the entrance channel to Pearl Harbor, has a micromollus-
can assemblage distinctly different from those within the harbor. Seven species
representing almost 60% of the assemblage at BC-12 are either non-existent or a
very minor component of the assemblages within the harbor (see Table 2.3-6).

The assemblages were further analyzed in terms of the proportion of gas-
tropods relative to bivalves present (Table 2.3-7); in terms of the gastropod
component, that is the proportion of archaeogastropods, mesogastropods, neogas-
tropods, and pyramidellids present in an assemblage (Figure 2.3-4); and in
terms of epifaunal and sessile components of the assemblage (Figure 2.3-5).
Whether considered by number of species or by number of individuals, the gastro-
pod element is dominant in most assemblages; however, the proportion of bi-
valves is approximately 3 to 6 times larger, depending on whether species or
numbers are considered, within Pearl Harbor than at BC-12, compare the last two
rows in Table 2.3-7. Note the reversal of this situation at bio-stations BE-
06w, BM-07, and BE-17. The first of these bio-stations is located in the warm
water outfall of the Waiau power plant; the remaining two are very probably be-
ing influenced by sewer outfalls. Among the gastropods (Figure 2.3-4), a higher
proportion of pyramidellids relative tc mesogastropods occurs at most of the bio-
stations within Pearl Harbor (exceptions BC-11, BE-15, and BW-13), and both
archaeogastropods (here predominantly herbivorous) and neogastropods (here car-
nivorous) are nearly absent. Pyramidellids are well known as ectoparasites on
oysters, gastropods and other sedentary invertebrates and are frequently found in
places of high environmental stress, l1ike the southeastern basin of Kaneohe Bay,
for instance. Archaeogastropods and neogastropods are present in locations hav-
ing high species diversity. In contrast to the bio-stations within Pearl Har-
bor, BC-12 has a lowar proportion of pyramidellids and a higher proportion of
the other three micromolluscan orders. Tricolia variabilis, representing 26%
of the BC-12 assemblage is usually associated with frondose algae in Hawaii. No fron-
dose algae have been observed in Pearl Harbor which may account for the absence
of this archaeogastropod there. Within Pearl Harbor (Figure 2.3-5), 22 species
representing 66% of the assemblages are epifaunal (for example, Odostomia SPP.
and Bittiwm zebrum), 10 species representing 35% of the assemblages are sessile
(Biatella and Crepidula), and the benthic component is restricted to 4 species
(Narica sp., Ctena bella, Pillucina spaldingi, and an unidentified bivalve) re-
presenting less than 1% of the assemblages. Although the benthic micromol-
luscan fauna tends to be relatively poor in the Hawaiian Islands, the very small
representation in Pearl Harbor may be due to chemically toxic conditions, to im-
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BE-01
BE-02
BE-03
BE-04
BE-05

Table 2.3-7.

% Gastropods

BE-06¢
BE-06w

BM-07
BM-08
BC-09
BC-10
BC-11
BC-12
BW-13
BWw-14
BE-15
BE-17

P.H, mean

First

standard

deviation

BC-12

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

By No. of Species

83
78
83
71
71
69
50
60
66
64
71
83
91
78
71
78
80
7249

91

RELATIVE PROPORTION OF GASTROPODS TO BIVALVES

By No. of Individuals

% Bivalves % Gastrcpods
17 50
22 88
17 64
29 63
29 76
31 69
50 3
40 12
33 73
36 86
29 66
17 78

9 94
22 90
29 76
22 64
20 37
2749 62125
9 94
2.3-18

% Bivalves
50
12
36
37
24
31
97
88
27
14
34
22
6
10
24
36
63
38125
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100%
PYRAMIDELLIDS

@ = Crepidula important
@ = Hiatella important
e neither important

100%
100% c ARCHAEOGASTROPODS
4~ MESOGASTROPOODS & NEOGASTROPODS ™3>

Figure 2.3-4. GASTROPOD COMPONENTS OF MICROMOLLUSCAN ASSEMBLAGES
(percentage of total gastropods)
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Figure 2.3-5. SESSILE AND EPIFAUNAL COMPONENTS OF MICROMOLLUSCAN ASSEMBLAGES
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proper sediment composition (porosity, grain size, etc.), or to other causes.
Bifo-station BC-12 ranks highest in epifaunal species, while the sewage or ther-
mally stressed bio-stations (BE-O6w, BM-07, BE-10, and BC-11) rank highest in
sessile species, see Figure 2.3-5.

Further consideration of the habits of the dominant mollusca are of inter-
est because they reflect trophic structure. Analysis of the feeding habits of
the assemblages (Figure 2.3-6) indicates that a great proportion of the micro-
molluscan fauna within the harbor: consists of suspension-feeding herbivores,
that is, organisms which are dependent on the primary productivity of the water
column rather than on that of the substrate. The habits of the micromolluscan
assemblage at BC-12 are more varied and show 1ittle or no dependence on the pri-
mary productivity of the water column, as is reflected in the virtual absence
of suspension feeding forms and a carnivorous element that is epifaunal rather
than ectoparasitic (see Table 2.3-4). Note that the West and East Loch bio-
stations in Figure 2.3-6 tend to form a central mass between carnivores and the
suspension feeders in the triangular plot, while the channel stations, BC-09,
BC-10, BC-11, and BC-12, tend to be distributed around the periphery of this
mass with BC-12 being by far the most distant from it. Note also that the ther-
mally-stressed BE-06w is closely associated with the sewage-stressed BM-07 and
BC-11, reflecting the high proportion of suspension feeders due to the high
nutrient status of the waters resulting either from dead organisms or sewage.
The thermally-stressed BC-10 is not part of this group due to the larger pro-
portion of carnivores, but approaches the group in Figure 2.3-5 where the pro-
portion of sessile organisms 1s shown. In Figure 2.3-4, bio-stations BE-Obw,
BM-07, and BC-10 form a looser assocfation together with BM-08 and BE-17 (both
probably influenced by sewage) and several other bfo-stations, but BC-11 is
quite distant due to its large population of the mesogastropod Crepidula acul-
eata instead of the sessile suspension-feeding bivalve Hiatella hawaiensis
prominent at the first three bio-stations. In fact, Crepidula only becomes
the dominant of the pair at bio-stations near or outside the channel entrance
(BC-11, BW-12, and BW-13). (repidula is a well known ciliary or suspension
feeder, often recognized as an associate of oysters. It has been recorded from
numerous localities in the Islands and is especially characteristic of bay or
harbor areas (Kahului Bay, Maui; Hilo Bay, Hawaii; and Kaneohe Bay, Oahu). Hia-
tella hawaiensis was described from Hawaii by Dall, Bartsch, & Rehder in 1938
(Reference 2.3-3), and since has been recorded from various localities in the
Islands. It is endemic to the Islands and is common though not abundant in Ka-
neohe Bay. The genus as recently described by Yonge (Reference 2.3-4) includes
species which are bysally attached and which may or may not bore into the sub-
strate. Hiatella in Pearl Harbor is a non-boring form which makes dense mats,
most noticeable in the thermal outfall region near the Wafau power plant (BE-
06w), but also at BE-01, BE-05, and BM-07.

The micromolluscan assemblages within Pearl Harbor represent an almost
classic example of a situation where relatively few species occur in large
numbers and where the organisms are in large part dependent for subsistence on
the primary productivity of the water column rather than the substrate. The
assemblages suggest a situation favoring sedentary organisms characteristic
of fouling communities with an almost complete absence of organisms character-
istic of epifaunal and benthic habitats. The high proportion of bivalves and
suspension feeders are the indicators of dependence on primary productivity of
the water column. The abundance of pyramidellids also suggests the dense con-
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100%
CARNIVORES

J-'-'II @ = Crepidula important

@ = Niatella important
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FLCOERS HERBIVORES

Figure 2.3-6. FEEDING HABITS OF MICROMOLLUSCAN ASSEMBLAGES
(percentage of total molluscs)
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centrations o? sedentary invertebrates which serve as hosts. The absence of
epifaunal and benthic micromolluscs. {ndicates a somewhat unstable substratum

throughout the harbor.

On the other hand, BC-12 outside the channel to Pearl Harbor represents
a more typical subtidal habitat characteristic of the leeward shores of Oahu.
The variety of species sccurring at this bio-station, none of which dominates
the assemblage, and the varied feeding types and habits indicate a habitat

with stable substrates and where the anfmals' subsistence is derived from the
productivity of the substrate rather than the water column.

Further analysis of these micromolluscan observations 1s presented in
Section 4.5.
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PILING SURVEY

J. Geoffrey Grovhoug
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GENERAL INFORMATION

Marine organisms inhabiting vertical substrata such as wooden or concrete
pilings, bulkheads, ship hulls, metal surfaces, channel ledges, etc. are a
significant component of the Pearl Harbor ecosystem. Piling organisms are
predominantly epifaunal invertebrates, however, small fish and algae are also
included in this group. Since these organisms are subjected to various stresses
(either chronic or pulsed), especially in the surface layers, they may provide
a useful combination of parameters with which to assess a given environment.

In order to inventory these organisms as part of the base-line environmental
study, a series of piling samples were collected in May and June 1972 and again
in November 1972 from nine bio-stations in Pearl Harbor, Oahu (Figure 1.0-1).
Bio-station BC-09 was excluded from the piling survey because no vertical sub-
strata were available at that location.

In view of the base-1ine nature of this survey, a study of piling organisms
which inhabit existing vertical substrata was selected rather than a fouling
panel study such as the investigation recently conducted by Hawaiian Electric
Company at the Pearl Harbor Waiau Power Plant (McCain, Reference 2.4-1). Future
studies utilizing a new concept in fouling panels are planned for Pearl Harbor
and other Hawaiian waters as part of the NUC/MEMO Environmental Range Program.

The piling survey describes epifaunal organisms inhabiting vertical sub-
strata but was not designed to collect quantitative information concerning bor-
ing organisms such as Teredo, Bankia or Limmoria extant in Pearl Harbor. A
general introduction to these and other groups of boring organisms is presented
in Chapter 12 of Ricketts and Calvin (Reference 2.4-2); a multitude of addi-
tional information on boring and fouling organisms has been compiled in various
technical reports from several Naval laboratories (NSRDC, NAVOCEANO, NCEL, ONR,
etc.). Authorities such as Turner (Reference 2.4-3), Edmondson (References
2.4-4 and 2.4-5) and Long (Reference 2.4-6) provide information directly appli-
cable to Pearl Harbor. A comprehensive bibliography on marine borers (Reference
2.4-7) is also available.

METHODS

A1l piling samples were collected with a sampling device designed by
bio-survey field team members, T. J. Peeling and J. G. Grovhoug. The sampler
consisted of a 6" x 6" x 6" stainless steel wire frame (Figure 2.4-1) to which
a cotton cloth bag was securely attached by drawstrings, a sharpened metal
chiseling/scraping plate (dimensions: 6" x 5-7/8" x 1/8") and a geologist's
pick hammer. Two SCUBA divers operating together obtained the piling sample.
One diver held the frame (with cloth bag attached) firmly against the area to
be sampled on the piling or other vertical substratum. The second diver then
drove the chiseling plate through the organic piling community in a perpendi-
cular plane down to the piling surface. Where marine growth was greater than
several inches thick, three preliminary cuts (bottom and each side) were neces-
sary to collect an exact and complete sample. The plate was then driven down-
ward along the piling surface and the resulting sample was manipulated into the
cloth bag with the aid of the plate. The sample was brought to the surface,
the bag detached from the wire frame (with drawstrings pulled and tied) and
transferred with the sample inside to a covered plastic one-gallon container.
Pertinent field observations, such as sample thickness and exact collection
locaticn, were logaed in a field notebook.

(Text curtinued cn paye C.4-30
2.4-1
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Figure 2.4-1. PILING SAMPLE DEVICE.
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Piling samples collected in May and June 1972 were weighed and refrigerated
at the end of each field day and stored until rough sorting and preservation
could be accomplished (usually the next day, but always within three days of
collection). A1l November 1972 piling samples were frozen at the end of each
sampling day. Note that all November piling samples were collected during a
two-day period due to ongoing fish survey field requirements. Live wet weights
were not taken for the November sample series.

The piling sampling device operated with equal facility on wood, concrete
and metal vertical surfaces; uneven rock ledge surfaces proved more difficult.
However, average sample losses are estimated to be minimal (less than 5% of the
total organisms per sample). The mesh in the cloth bag was finer than the 420
micron standard sieve used in screening all benthic and piling samples. Highly
motile organisms such as fish, shrimp, amphipods and crabs were often collected
in the piling samples.

Piling samples were collected from three depths at nine bio-stations:
surface (taken at the lower barnacle line which approximates the midtidal level
in subtropical environments, Reference 2.4-8), 10-foot and 20-foot depths. Ad-
ditional samples (30-foot) were collected at bio-stations BM-07 and BC-11, the
only two bio-stations having vertical substrata available at this depth. Piling
samples were collected from rock ledges at bio-stations BE-05 (20-foot) and
BC-10 (10- and 20-foot) and from a large anchor chain at BE-05 (10-foot), where
these were the only available vertical substrata at these locations. A1l depths
were verified with a diver's depth gauge. The area sampled was the same at all
Zagp}g sites: 6" x 6" x D, where "D" equals the thickness of the samgle (Table

Thirty-six piling samples (collected from surface and 10-foot depths at
nine bio-stations in May and June 1972 and again in November 1972) have beer
completely analyzed (separated, identified, weighed and counted) and are pre-
sented in this section of the report. Pertinent field collection data are sum-
marized in Table 2.4-1. The decision to concentrate on only surface and 10-foot
piling samples at this time was made based upon experience gained during the
benthic faunal analyses (see Section 4.4). The greatest variability of benthic
organisms appears at shallow (0-15 foot) depths within the Pearl Harbor ecosystem.

Laboratory workup of the piling samples began once the samples were removed
from cold storage. Rough sorting into major groups (usually phyla) was éon-
ducted initially. Each sample was placed in several large (8-inch diameter)
wash dishes, covered with tap water and examined through an illuminated magni- .
fier. Organisms were hand separated with forceps and placed into vials con-
taining -~ther 5% formalin (fish and polychaetes) or 70% ETOH/isopropyl alcohol
(a1l other groups such as crustaceans, sponges, algae, bryozoans, tunicates,
etc.). Secondary rough sorting was performed by closer examination of the
remaining sample, portions of which were placed in small (4-inch diameter) wash
dishes and viewed through a variable power (10x-70x) dissecting microscope.

The carbon tetrachloride flotation technique (Figure 2.2-4) was not utilized
in the piling sample separation since the sample consisted almost entirely of
organic material (which is floatable in CCl4) and only small amounts of silt
and fine sediment were occasionally present. All final taxonomic identifications
were performed by Eric Guinther, HIMB (Environmental Consultants, Inc.). Most
organisms were identified to the generic or specific level. Cost and time esti-
mates for the piling sample analysis are similar to those listed for benthic
sample processing (see page 2.2-11).

(Text continued on raje 2.4-5)
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Table 2.4-1. PILING FAUNAL SURVEY FIELD NOTES AND REMARKS.

: Collection

Bio-station  Sample #  (Time/Date)*
BE-02 20406  0923/18 V
" 20405 0912/18 vV

" 46303 1405/15 XI

" 46302 1358/15. X1
BE-03 20101 0908/15 V
" 20102 0928/15 V

" 46420 1147/16 XI

4 46419 1133/16 XI
BE-04 20403 0824/18 vV
" 20402 0815/18 V

" 46306 1506/15 XI

" 46305 1450/15 XI

BE-05 23107 . 1245/05 VI

" 23106 1235/05 VI

. 46421 1232/16 X1

" 46423 1251/16 X1

BM-07 23104 1150/05 VI

! 23103 1138/05 VI

! 46404 0823/16 XI

" 46403 0818/16 XI
BC-10 21106 1140/22 V
" 21105 1131/22 V

. 46414 1037/16 XI

g 46413 1024/16 XI
BC-11 21104 1102/22 V
" 21103 1050722 V

" 46408 0928/16 XI

- 46407 0924/16 XI
BW-13 21503 0832/26 V
" 21502 0825/26 V

" 46411 0959/16 XI

" 46410 0952/16 XI
BE-17 22303 1440/31 V
e 22302 1425/31 V

" 46417 1108/16 XI

" 46416 1059/16 XI

* A1l piling samples were collected during calendar year 1972.

Depth Estimated o=
(feet)  Substratum*** Thickness (in.}§$
o CcpP 2
10 cpP 4
Qx> cp 2
10 cpP 3
Q** cpP 1
10 cpP 4
O** cp 1
10 CP 2
(0ol cp 6
10 cp 4
o** cp 4
10 cp 3
O** C8 1
10 MAC 4
O** CB ¥
10 MAC 3
O** WP 1
10 WP €
Qx> WP 2
10 WP 3
O** CB 1
10 RL 4
O** CB 3
10 RL 3
O** MPP 1
10 MPP 6
O** MPP 3
10 MPP )
O** WP 1
10 WP 3
Q** Wp 3
10 WP 2
o WP I
10 WP 4
O** WP 2
10 WP 1

** A1l surface/shallow piling samples were collected at lower barnacle line.

*** Substrata Legend: CP = Concrete Pilings; CB = Concrete Block; MAC =
Metal Anchor Chain; WP = Wooden Pilings; RL = Rock Ledge; MPP = Metal

Diffuser Pipe (30" dia.) at BC-11.
2.4-4
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DATA/RESULTS

A phyletic checklist of all organisms collected during the piling survey
is presented in Table 2.4-2. Hawaii Coastal Zone Data Bank (HCZDB) identifi-
cation numbers and generalized feeding/habitat type for each organism have been
incorporated into this list. To facilitate rapid crossreferencing of organisms,
an alphabetical listing (by genera, with HCZDB numbers and adjective identifiers)
is also provided (Table 2.4-3). A total of 88 genera and/or species have been
positively identified from 36 piling samples. Presence/absence and abundance
data for 113 taxa (species, genera and higher taxa) are provided in Table 2.4-4.
Wet weights are listed for all sponges (porifera). The symbol "#" indicates
that the number is uncertain for colonial organisms (such as bryozoans and tuni-
cates) and for other species which have been placed in larger groups, e.g., mis-
cellaneous polychaeta, miscellaneous amphipoda, etc. Again, it is significant
to note that 21 taxa are unique to bio-station BC-11 (or 24% of the 88 genera/
species). Of these 21 taxa collected only at BC-11, 12 were crustaceans (in-
cluding 7 species of Alpheid shrimp), 6 were mollusca, 2 were polychaetes and
1 was the Eleotrid fish, Asterropteryx semipunctatus.

Summary data for piling organisms (by statinn) may be found at the end of
Table 2.4-4 and are also displayed geographically in Figures 2.4-2 through
2.4-5. Bio-stations BC-11, BW-13, BC-10 and BE-03 represent the mast diverse
piling faunas (i.e., greatest numbers of species and individuals). As may be
seen in Table 2.4-1, the substrata differ at each of these four most prolific
bio-stations; concrete and wooden pilings, metal and rock ledge vertical sur-
faces are all represented at these bio-stations.

The distribution of porifera (sponges) collected during the piling survey
is presented in Figure 2.4-6. No particular dependence on either substrata
(wood, concrete, metal or rock ledges) or depth is apparent. Sponge growth was
sorted from all collections and weighed (wet weight, grams). Bio-stations BE-0Z,
BE-05, BM-07 and BC-11 exhibited the greatest amount of sponge growth; however,
the number of epifaunal organisms living in or on the piling sponges was less
than those observed on the benthic sponges. Furthermore, their number did not
appear to be directly related to the amount of sponge present as was the case
with the benthic sponges (see page 2.2-21). This observation may, however, be
a function of sample size (see Section 4.6).

Eleven organisms (or groups of organisms, i.e., families) have been se-
lected to illustrate some distributional patterns of piling biota throughout
the harbor. Relevant summary data for these selected organisms is provided in
Table 2.4-5. Hiatella hawaiiensis, the nestling bivalve mollusc, was (as ob-
served during the benthic faunal survey) collected in more piling samples (27,
or 75% of the 36 samples) than any other single organism.

Distributional patterns for these selected species/families are mapped in
Figures 2.4-7 through 2.4-17. The number of individuals for each kind of or-
ganism collected at any of the nine bio-stations is plotted at the relevant
geographic location within the harbor; a "slash" separates the collections made
in May and June 1972 from those made in November 1972 (May and June data are
always listed first). A "dash" indicates that the organism was not collected
in one of the piling sample series. A "zero" indicates that the organism was
not collected in either May and June or November collections (at the given

(Text continued or age 2.4-3C)
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Table 2.4-2. A PHYLETIC CHECKLIST OF PILING ORGANISMS
COLLECTED FROM PEARL HARBOR, OAHU

Species/Group

Porifera
Demospongiae

Cnidaria
Anthozoa
Actinaria

Platyhelminthes
Turbellaria
Polycladida

Nematoda

Annelida
Polychaeta
Errantia

Aphroditidae
Paralepidonotus ampulliferus

Amphinomidae
Furythoe complanata

Phyllodocidae

Syllidae
Syllis(Typosyllis)variegata

Nereidae
Ceratonereis Sp.
Nereis SPp.
Nereis (Neanthes) caudata
Platynereis Sp.
Perinereis cultrifera

Eunicidae
Funice antennata
Eunice filamentosa
Funice vittata
Eunice(Palolo) siciliensis
Eunice(iNiciuion) SD.
lysidice collaris
Nemaionereis unticornis
Cenone fulgida
Lumbrinerid sp.
Dorvillea SPp.

Sedentaria

Cirratulidae

Terebellidae

Sabellidae

Serpulidae
Hydroides norvegica
Hydroides cructgera
Hydroides lunulifera

2.4-6

HCZDB #

Feeding/Habi-

tat Type*

352XXXXXXX

3742XXXXXX

4137XXXXXX

S1XXXXXXXX

5511012201

5511040201
5511060000

5511140107

5511160100
5511160400
5511160410
5511160600
5511160803

5511200102
5511200105
5511200108
5511200109
5511200111
5511200201
5511200401
5511204201
5511206201
5511209100

5521040000
5521220000
5521230000

5521244201
5521244203
5521244204
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Sipuncunculid

Arthropoda
Pycnogoni
Crustacea

Ostrac

Table 2.4-2.

a

Phascolosoma dentigerum

da

oda

Cirripedia
Thoracica

Malaco

Balanus amphitrite amphitrite

Balanus eburmeus
Balanus trigonus
straca

Mysidacea
Tanaidacea

Apseudes Sp. 2
Leptochelia dubia
Anatanais insularis

Isopoda

Mesanthura hieroglyphica

Limmoria SP.

Limmoria tripunctata

Sphaeroma walkeri

Paracerceis sculpta
namenella SPp.

D
) Amph¥poda

Lembos Sp.

Corophium baconi
Corophiwm acherugicum
Ericthonius brasiliensis
Elasmopus rapazx

Photis hawatiensis
Leucothoe SPp.

Leucothoe hyhelia
Podocerus brasiliensis

Decapoda/Natantia

Alpheopsis equalis
Alpheus SPp.

Alpheus gracilis simplex
Alpheus paralecyone
Alpheus paracrinitus
Alpheus gracilipes
Alpheus heeia

Synalpheus that
Synalpheus bituberculatus
Synalpheus coutiereti

Decapoda/Reptantia

'y 4"
?
) N—

Thalamita integra
Metapograpsus thukuhar
Platypodia eydowri
Madaeus simplex
Carpilodes bellus
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(Continued)

5611010103

639XXXXXXX
643XXXXXXX

6451070101
6451070103
6451070106

6466XXXXXX

6468010103
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6468140201

6471060201
6471210100
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6471220101

6471220201
6471220300

6473080400
6473180101
6473180103
6473180201
6473250209
6473320302
6473380100
6473380101
6473510201

6433410601
6483411000
6483411016
6483411023
6483411024
6483411028
6483411036
6483411202
6483411212
6483411213

6488313301
6488320301
6488330504
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6488331404
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Table 2.4-2. (Continued)

Decapoda/Reptantia (continued)

Panopeus pu.-cficus

Liocarpilodes integerrimus

Pilwmmus oahuenstis

Glabropilwmus seminudus
Stomatopoda

Gonodaotylus fulcatus

Mollusca
Gastropoda
Archaeogastropoda
Fissurellidae
Diodora granifera
Mesogastropoda
Vermetidae
Dendropoma ?psarocephala
Vermetus alii
Hipponicidae
Hipponix pilosus
Calyptraeidae
Crepidula aculeata
ileogastropoda
Pyrenidae
Mitrella zebra
Mitridae
Mitra Sp.
Entomotaeniata
Pyramidellidae
Odostomia pupu
Basommatophora
Siphonariidae
Siphonaria normalis
Nudibranchia
Bivalvia
Mytiloida
Mytilidae
Brachidontes(=Hormomya)
Pterioida
Isognomonidae
ITsognomon perna
Ostreidae
Cragsostrea virginica
Anomi idae
Anomia nobilis
Myoida
Hiatel1lidae
Hiatella hawaiienstis
Ectoprocta
Gymnolaemata
Ctenostomata
Vesiculariidae
Amathia distans
Cheilostomata
Bicellariellidae
Bugula neritina
Bugula cvuliformica

2.4-8

erebristriatus

6488332201
6488332501
6488335806
6488335901

6489010201

17021050392

7022430104
7C22430401

7022720101
7022750201

70230601C1
70232601C0

7031010202

7037100101
7044XXXXXX

7054010301

7055020103
7055060102
7055200101

7057100101

7511010101

7513060101
+51306010¢
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Tetle 2.4-2. (Continued)

Echinodermata
Asteroidea
Gnathophiuridae
Ophiactidae
Ophiactis savignyi
Amphiuridae
Amphiopholis equamata

Chordata
Urochordata
Ascidiacea
Phallusidae
Ascidia Sp.
Polyclinidae
Polyclinum Sp.
Styelidae
Styela SPp.
Tethyidae
Hermandia momus
Osteichthyes
Perciformes
Blenniidae
Omobranchus elongatus
Eleotridae
Asterropteryx semipunctatus

* For Feeding/Habitat Type Definitions See Legend, Table 2.2-2 (page 2.2-17).
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7841010102
7841030301

8311040100
8311130200
8312020100
8312030201

8555605301
8555605301

D-f/b
D-f/b
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Table 2.4-3. AN ALPHABETICAL LIST OF PEARL HARBOR PILING
ORGANISMS COLLECTED MAY/JUNE AND NOVEMBER 1972.

Species

Alpheopeis equalis
Alpheus gracilipes
Alpheus gracilis simplex
Alpheus heeia

Alpheus paracrinitus
Alpheus paralcyone
Alpheus Sp.

Amathia distans
Amphiopholis squamata
Anatanais insularis
Anomia nobilis

Apseudes Sp. 2

Ascidia SP.
Asterropteryx semipunctatus
Balanus amphitrite
Balanus eburneus:
Balanus trigonus

Bugula californica
Bugula neritina
Carpilodes bellus
Ceratonereis Sp.
Cirratulid sp.

Corophium acherusicum
Corophiwn baconi
Crassostrea virginica
Crepidula aculeata
Dendropoma ?psarocephala
Diadora granifera
Dorvillea SP.
Dynamenella SP.
Elasmopus rapazx
Erichthonius brasiliensis
Euntice antennata

Eunice filamentosa
Eunice (Palolo) siciliensis
Funice vittata

Eunice (Niecidion) SPp.
Eurythoe complanata
Glabropilummus seminudus
Gonodactylus falcatus
Hermandia momus

Fiatella hawaiiensis
Hipponixz pilosus
Hormomya (Brachidontes) crebristriatus
Hydroides crucigera
Hydroides lunulifera
Hydroides norvegica
Tsognomon perna

Lembos SPp.

Leptochelia dubia

2.4-10

Common Name*

SS
SS
SS
SS
SS
SS
SS
BR
8BS
TA
BI
TA
AS
FISH
BA
BA

AM

HCZDB #

6483410601
6483411028
6483411016
6483411036
6483411024
6483411023
6483411000
7511010101
7841030301
6468140201
7055200101
6468010103
8311040100
8555605301
6451070101
6451070103
6451070106
7513060102
7513060101
6488331404
5511160100
5521040000
6473180103
6473180101
7055060102
7022750201
7022430104
7021050302
5511209100
6471220300
6473250209
6473180201
5511200102
5511200105
5511200109
5511200108
5511200111
5511040201
6488335901
6489010201
8312030201
7057100101
7022720101
7054010301
5521244203
5521244204
5521244201
7055020103
6473080400
6468130101
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Species

Leucothoe hyhelia
Leucothoe Sp.
Limmoria tripunctata
Limmoria SPp.

Table 2.4-3.

Liocarpilodes integerrimus

Lumbrinerid sp.
Lysidice collaris
Madeus simplex

Mesanthura hieroglyphica

Metapograpsus thukuhar

Mitra Sp.

Mitrella zebra
Nematonereis unicornis

Nereis (Neanthes) caudata

Nereis Sp.

Odostomia pupu
Oenone fulgida
Omobranchus elongatus
Ophiactis savignyi
Ostreid sp.

Panopeus pacificus

Paralepidonotus ampulliferus

Paracercetis sculpta
Perinereis cultrifera

Phascolosoma dentigerum

Photis hawaiensis
Phyllodocid sp.
Pilumnus oahuensis
Platynereis Sp.
Platypodia eydouxi
Podocerus brasiliensis
Polyelinwn sp.
Portunid sp.
Sabellid sp.
Siphonaria normalis
Sphaeroma walkeri

Styela sp.

Syllis (Typosyllis) variegata

Sv11id sp.

Synalpheus bituberculatus

Synalpheus coutierei
Synalpheus thai
Teretellid sp.
Thalamita integra
Vermetus alit
Vermetid sp.
Xanthid sp.

(Continued)

Common Mame*

BI(oyster)
TC

EP
IS
EP
PW
AM
EP
TC
EP
TC
AM

HCZDB #

6473380101
6473380100
6471210103
6471210100
6488332501
5511206201
£511200201
6488330801
6471060201
6488320301
7023260100
7023060101
5511200401
5511160410
55111€0400
7031010202
5511204201
8555340701
7841010102
7055060000
6488332201
5511012201
6471220201
5511160803
5611010103
6473320302
5511060000
6488335806
5511160600
6488330504
6473510201
8311130200
6488310000
5521230000
7037100101
6471220201
8312020100
5511140107
5511140000
6483411212
6483411213
6483411202
5521040000
6488313301
7022430401
7022430000
6488330000

* For Common Name/Adjective ldentifier, See Key, Table 2.2-3 (page 2.2-20).
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Table 2.4-5. SELECTED COMMON PILING FAUNAL ORGANISMS
PRESENT IN SAMPLES FROM PEARL HARBOR, OAHU.

# samples # bio-stations

Common containing containing Depth
Species/Family _Name  _organism organism preference

Hiatella hawaiiensis BI 27 8 S
Syllidae EP 25 9 TT
Cirratulidae SP 22 9 T
Crépidula aculeata GA 21 9 T
Pilumus oahuensgig TC 21 9 TT
Styela Sp. AS 17 8 S/T
Vermetidae GA 17 7 S
Elasmopus rapax AM 16 9 TTT
Balanus amphitrite RA 15 8 SSS
Ophiactis savignyi BS 10 5 TT
Bugula spp. (2) BR 10 6 S/T

* Legend for Common Names may be found in Table 2.2-3 (page 2.2-20).

** Legend for depth preference:
S = weak surface depth preference, SS = moderate surface depth preference
SSS = strong surface depth preference; T = weak 10' depth preference,

TT = moderate 10' depth preference, TTT = strong 10' depth preference;
S/T = no preference observed for either depth.

2.4-27



Figure 2.4-7. Syllidae
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SURFACE

Figure 2.4-8. Cirratulidae
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Figure 2.4-9.
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SURFACE

Figure 2.4-10. Elasmopus rapax
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Pilwmus oahuensis

.4-11.

Figure 2

Pilumnus oahuensis
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Figure 2.4-12. Vermetidae
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Crepidula

Figure 2.4-13. C(repidula aculeata
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Figure 2.4-14. Hiatella hawaiensis
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Figure 2.4-15. Ophiactis savignyi §E~
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Figure 2.4-16. Styela sp.
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Figure 2.4-17.
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depth). "#" indicates that the organism is present, however, the actual number
is uncertain, 1.e., colonial organisms 1ike Bugula. "##" indicates that the
number is large, i.e., many individuals. Surface piling data are displayed in
the upper map on each figure (2.4-7 through 2.4-17?; the lower map displays
piling data for 10-foot depths.

Two families of polychaetous annelids, Cirratulidae and Syllidae (shown in
Figures 2.4-7 and 2.4-8, respectively), are seen to be present at all nine bio-
stations sampled in Pearl Harbor. Both families show a tendency to be more
numerous in the 10-foot collections. The numbers of individuals of cirratulids
are greatest in 10-foot depth samples at bio-stations BE-04, BE-03 and BE-17,
suggesting a specificity for the more stressed Southeast Loch area. Syllids,
by contrast, are most numerous in collections for both surface and 10-foot
depths at bio-stations BE-03, BC-11, BE-04 and BM-07, suggesting no apparent
preference for location or environmental status within the harbor.

Examining the distribution of the barnacle, Balanus amphitrite, (Figure
2.4-9) in piling collections, a strong tendency is revealed for this organism
to occur in surface samples at all but the presumably most stressed bio-station,
BE-04. Several individuals were collected at 10-foot depths at bio-stations
BE-02 and BW-13, however. Balanus amphitrite was most numerous in surface sam-
ples at BW-13 which suggests that high nutrient levels in the surface waters of
West Loch are significantly elevating the standing crop of this organism (five
times as ma?y individuals were collected at BW-13 as were collected at any other
bio-station).

The amphipod, Elasmopus rapax, is ubiquitous throughout the harbor as ob-
served in 10-foot piling samples (Figure 2.4-10). This is the only piling or- -
ganism selected which shows a moderate tendency for increased abundance in the
May and June collec“ions, compared to much lower numbers in the November col-
lections. With the exception of nearly 500 individuals collected in the surface
sample (in May) at BE-03, Elasmopus rapax was consistently more abundant in the
10-foot depth samples. This amphipod has an affinity for sponge-tunicate-bryo-
zoan growth.

Pilwmus oahuensis, a xanthid crab which was also selected for distribu-
tional display during the benthic faunal survey (Figure 2.2-15 and page 2.2-41
for discussion), occurred at all 9 piling sample locations. The greatest abun-
dance of this organism was observed at bio-station BE-05 (Figure 2.4-11) in both
surface and 10-foot samples. It was suggested during the benthic faunal dis-
cussion that some seasonal variations may occur in this species. However, no
se??ona; indications are present in data from the May/June and November piling
collections.

The tubiculous mollusca in the family Vermetidae exhibit a definite sub-
strata specificity for concrete, rock or other hard surfaces. Figure 2.4-12
illustrates that vermetids are most abundant at bio-stations in the Southeast
Loch complex (at surface and 10-foot depths) indicating a tolerance (and possibly,
even a preference) for this stressed environment. The abundance of growth that
these filter-feeding organisms exhibit at bio-station BE-02 is truly impressive
(see description in Reference 2.4-9, page 16); the concrete pilings at BE-02
(pier F-5) are completely cemented together by vermetid growth at the 2- to 10-
foot depth.

(Text continued on page 2.4-40)
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Another gastropod mollusc, Crepidula aculeata, was present in 10-foot
piling samples at all nine bio-stations (Figure 2.4-13). As stated in the ben-
thic faunal survey section (see page 2.2-41), Crepidula aculeata exhibited an
affinity for vertical substrata and was most numerous in piling collections at
bfo-stations BC-11 and BW-13. Its distribution throughout the harbor indicates
a tolerance for existing environmental conditions (even in Southeast Loch),
however, a weak preference for channel areas is suggested.

The nestling bivalve, Hiatella hawaiiensis, was collected at all bio-
stations except BE-04 (Figure 2.4-14). This same distributional patter. was
observed during the benthic survey (Figure 2.2-18, page 2.2-51). Hiatella
hawaiiensis was most abundant at bio-stations BW-13, BC-10 and BM-07 which
further indicates its ubiquitous nature and tolerance for all but the most
stressed piling enviromments in Pearl Harbor. This clam exhibited a weak spe-
cificity for surface depths in the piling collections.

The brittle star, Ophiactis savignyi, was present in significant numbers
only at bio-stations nearest the entrance channel, i.e., BE-13, BC-11 and
BC-10. The single individuals collected in 10-foot samples at bio-stations
BE-05 and BE-02 (Figure 2.4-15) provide a weak distributional extension to data
observed during the benthic faunal survey (page 2.2-41). Again, echinoderms in
general were only rarely observed within the inner harbor, with the notable
exception of the holothurian, Ophiodesoma spectabilis. Ophiactis savignyi
occurred most abundantly in 10-foot piling collections.

The solitary tunicate, Styela sp., was collected from all piling sample
bio-stations except BE-04 (Figure 2.4-16). No seasonal variations or depth
specificity were observed for this organism.

The bryozoans, Bugula neritina and Bugula californica, are grouped together
for distributional presentation (Figure 2.4-17). The colonial nature of these
epifaunal organisms obviates 1isting numbers of individuals. However, it can
be seen that Bugula occur throughout Southeast Loch, with a notable absence at
bio-stations BE-05 and BC-11. As discussed in the benthic faunal section (page
2.2-56), Bugula has been recognized as a major fouling organism in Pearl Harbor.

DISCUSSION

Certain distributional patterns of piling biota have been examined in data
from 36 saroles collected in Pearl Harbor. The most obvious facet of this
analysis is, again, the singularity of biota from bio-station BC-11. However,
this pattern is not as strongly developed as that contained in data from the
benthic faunal survey.

Substratum and depth specificities have been suggested for certain organ-
isms. Some piling organisms were observed to be ubiquitous at all nine sampling
locations. The only seasonal variation of moderate indication was suggested
for the amphipod, Elasmopus rapax. A more refined, future study specifically
designed to measure seasonality of certain organisms would be required to pro-
videsadequate quantitative substantiation. For further analyses of these data,
see Section 4.6.
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For any comprehensive assessment of marine biological status, consid-
erable information concerning physical and chemical conditions in the water
column, at the air,'sea interface and at the bottom/sea interface must also
be known. Much of the required data was collected as part of the complete
survey of Pearl Harbor by the Naval Civil Engineering Laboratory's Environ-
mental Protection Data Base survey teams, who were active in the harbor at
the same time the biological survey was in progress. Certain factors, con-
sidered important by the biological survey team, were not, however, included
in the Data Base survey activity. The PHBS, therefore, let small contracts
with Sea-Test, Inc. to obtain a better knowledge of circulation and water
masses, and with SEACO, Inc. to obtain a quantitative analysis of the amount
and kind of ship traffic characteristic of Pearl Harbor. Both the data ob-
tained by these contractors and a summary of Data Base results of importance
to marine biology are presented in the following sections.

Since the Data Base has issued more detailed reports, their Pearl Har-
bor results are not presented in extensive detail. Rather, they are summa-
rized only to the extent necessary to make biological inferences or relation-
ships to physicochemical parameters clear. The Pearl Harbor current survey
and the ship movement study are not elsewhere reported, thus these results
are presented fully. The current survey is the most extensive yet attempted
for Pearl Harbor, although the work of Michael Sonnen and William Norton of
Water Resources Engineers, Walnut Creek, California, should be noted. The
ship movement study is apparently the first of its kind and is a direct out-

rowth of the biological survey team's early analysis of Pear] Harbor results
?see Section 4.1).

Section 3.1 summarizes the results of the Data Base's analysis of the
physical and chemical properties of the soils and sediments in Pearl Harbor
and its drainage basin. Section 3.2 summarizes the results of the Data
Base's water quality analyses. In addition to harbor waters, stream waters
and various industrial/agricultural source waters were analyzed. Section
3.3 reports Pearl Harbor circulation in detail and presents water-mass
characteristics and estimated mean residence times. Section 3.4 describes
ship activity in the harbor quantitatively.

3.0-1



-

AN

&
S

I8

SEDIMENT MEASUREMENTS

Evan C. Evans III
Alv Dan Youngberg
Dennis T. 0. Kam



P -}c

GENERAL INFOPMATIOM

Both the sediment survey and subsequent analysis for heavy-metal content
were done by the Pearl Harbor Division of the Naval Civil Engineering Labora-
tory's Environmental Protection Data Base Office under the direction of Alv
Dan Youngberg (References 3.1-1 and 3.1-2). Although all sediment measure-
ments made at the ten bio-stations are {ncluded in Table 3.1-1, only the heavy-
metal burdens found in the sediments were used in the statistical analysis
(see Section 4.1). Consequently, this section emphasizes the heavy-metal
data. More detailed information on the soils and sediments of the Pearl Har-
bor drainage basin and estuary are to be found in the Data Base report (Refer-
ence 3.1-1?. In addition to heavy-metal burdens, reported values include:
chemical oxygen demand (COD), oil and grease, Kjeldahl nitrogen, a physical
description and a mechanical analysis. A second Data Base report on ground-
waters beneath landfills adjacent to Pearl Harbor (Reference 3.1-3) may also
be of interest. Certain incidental data obtained by the Pearl Harbor Biolog-
ical Survey team from other sources are included in tnis section since they
further describe Pearl Harbor sediment properties. These data include: CaCO;
content, mineral composition and estimated cation exchange capacity.

SEDIMENT SAMPLING

Sediment was collected from 95 locations in Pearl Harbor (Figure 3.1-1).
Samples were obtained with a Model 860 Shipek Sediment Sampler which collects
an 8-inch square surface sample to a depth of approximately 4 inches. Three
separate grabs were taken at each station. A representative portion (200 g)
from each of these three grabs was mixed thoroughly in an agate grinder for
15 minutes, then placed in an acid-rinsed plastic bottle. Two to five gram
aliquots of this mixture were taken for laboratory analysis by extracting a
"core" from the center of the bottle using a 15mm glass tube. Laboratory
samples were refrigerated without oreservatives until they were analyzed.

LABORATORY ANALYSIS

With the exception of mercury, all heavy metals were analyzed by the
acid digestion procedure given by EPA (Reference 3.1-4) for bottom sedi-
ments. The general procedure for metals is briefly outlined here; proce-
dure for mercury is given below. A 2-5 gram aliquot of mixed sediment was
oxidized using 10 m1 of concentrated HNO; to which 0.5 ml of 30% H,0, was
added. The entire sample was then evaporated to dryness and ashed at 400°
to 425°C for one hour. After cooling, 25 ml of aqua regia*, 20 ml of 10%
(by wt.) NH,C1 solucion and 1 ml of Ca(NO;), solution** were added to the
ash and "“e mixture heated gently for 15 minutes. This mixture was then al-
lowed to cool for 5 minutes or longer before centrifuging at 6000 rpm for
15 minutes. The clear supernate was then decanted into a 250 ml volumetric
and made up to volume with redistilled water. Aliquots of this final solu-
tion were analyzed by atomic absorption on a Model 120 Varian Techtron Atom-
ic Absorption Spectrophotometer which was standardized daily.

* Aqua regia used was 200 ml of concentrated HNO3 and 50 m1 of HC1 made up
to a volume of 1 liter with redistilled water.
** 11.8 grams of Ca(NO;)34H,0 made up to a volume of 100 ml with redistilled
water.

(Text continued on page 3.1-5)

3.1-1



£E-1'¢

*eISN| |OWoJd L =

TOW™ *S|ENPLALPU} URISN| |OWOJI}E JO JIGENU (B0 = PIIWM °°dS URDSN|{OWOJIILE JO A3QUNU = dSTW! * (UZ+IN+Gd+NIID+PI4DY) S|ejaw |e303 = 10)
‘SPLI0S L1IRI0A = OSOA *S|(NS = §S “SI}I3dS JO JIqunu = dS “pnul PuR PuRS = WS *||3WS NSNS = JS ‘PueS = PS °||Iws A3|BS = BS ‘JuIw|pPIS
30 uo}3diadsep (o)shyd = “¥ISIQ “SAHd ‘PRIL = Qd “|L3wsS K140 = §0 “4OPO = QO “4OPO OU = QN ‘l3YOIU = IN “P3IdIAP J0U = QN ‘dsauebuew = uy
‘sisAjeue [RI)uRYIIW = TYNY HI3W ‘Usf04ILU [yenafy = N-f) ©S9193ds [eunesul wo330Q 3O J3qunu = dSIN] .WE. feuneju} wo330q = PLINI ‘"putL (e
-unejul wo30q = PLINI ‘I dues 43d S|RNPLALPUL JO JIQUNU AR = .mﬁ ‘S|eNPIALPUL JO J3QUNU {2303 = PU} ‘Aunddauw = By “|[oARab = 4b ‘uaaub-ysi
=Avab = Y99 ‘UMOIQ-YS}AR4D = ¥GY *YOR|Q-US}ARJD = %G9 ‘UCA} = 3 TUMOMQ = ¥g 'WOII0Q = “108 *I1}S PuR Ae(d = SPI “4add0d = N) ‘wniuwoap = 4)
*JUwlpas JO UOEI)SOdWOD = ¢) ‘puRusp UIBAXO [EIURYD = (0) ‘IUBWIPIS JO J0J0D = YT) ‘unjwped = P) *4IALS = Oy -Idues |303 30 % ui uaab
SisAleue |®OjURYOIW puR OSOA (01 Aq Pa}id}Itra 99 PLNOYS NRA SIFEDIPUL 4) “IN Aip by/bw u} uaALb N-f pue 110 “000 *sS|eIaw AARdy A3y

T¢ L0+ 9L°+ S8+ TL°+ 80°- 21°- 20°- - - - 1§°- #l°- 20°- 29'- 65 - £€°- GS™- 9¥°- I1°- §9°- [¥"- 89" G¥"- 2€°- 1€~ PL WM
L'+ T+ 997+ 19°+ T¥°+ 62°= O0E°+ 60+ - = - [2°- [0°+ 85"+ 99"~ #5°= €€ =@y - 4= 10"~ 16°- 26~ £5°- O¥"- G2°- 21°- dsw
9L°+ ¥9°+ 1+ 967+ 69°+ S2°+ ¥~ 82°- - - - - 90"+ 19+ 02°- 8y~ B2°- ¥¥°- 2£°- SE°+ 29°- 62°- 95" 1€~ 9€°- #I°- PLINI
S8°+ 19°+ 96"+ T+ 28°+ S2°+ £9°- 82'- - - - E£°- 90+ €2+ 020 €§°- 26°- - Iy'- 02°+ 99°- L£°- 09°- I£°- £€°~ §2°- PHANI
TL°+ TP+ 69°+ 28™+ T+ E0°- 02°- ST°+ - - - 8§0°- 2€°+ Sp°- E£9°- ¥y 02°- ¥E°- IS~ ¥I°+ 0G°- 957~ mv.-. 09°- £0°- 90"~ dsiN]
. ’ e3ep {©2160101q PUR JUSWLPIS UIIMIIQ SIUI|D}3JI00 UOLIR|3L40D
OfE S 6 08 S2 €99 826 6°C WS JS %@ ¥°IT - -~ 0T 8591 O¥y OES 05 S9T - 82 O/ 99 81 -  /I-38
2L 6 ¥IZ €261 T9 6°61 LEE ¥°9y WS IS @ S2'IZ 08¥2 - 16 6I8 OSE OI1 25 OL 1°2 "22 OvZ 29 O'1 8'E EI-M
82 21 ICE 89 66 - - - WS S UM 9L - O6E - 001 OS SI O OSII80°0€E¥ T12°6 80 S€ I1-38
06 L ¥ S8 2 T°C1 €02 9°79 SS ON ¥89 L0°12 0981 =~ 2°8L €9¥2 OOCI OIE 061 O2F L€ '€y 095 9 2°1 8'S 01-28
89T #1 SEF SYGE OL 8°%6 0°S 2°0 WS ® ¥8 112 OIT - - /[y9 082 66 OIT OOIT £9°0 "6€ 66 OIl ON 0°6 60-28
¥ S 92 SSI T2 868 98 9°T WS JS 89 [6°21 Ol 0989 "SOT €8S 00Z OZ Ol OE9 9€°0 LI €8 OSI ON -  LO-WS
62 L1 #8S 9526 IS - - - WS ®S @D €L°L -  0S921 - € 91 W TL O HLOCOTHZ OE OL SO S2 S0-39
09 L ¥ ¥ 8 ¥9 9€ 0 - - - E€SEL OT - - 86 LEl 09 002 EIS 92 ‘€6 L22 09 ON -  $0-38
65 9 o B0C E¥ ¥SL 992 O - - - EI'6T Of - - $£9 ¢€ST 00T 0B SGIE 21 °Zc (61 001 'y - €0-38
29T 8T T2- S8T OF O°ST #°Sp 9°9 WS 40 g9 662 =- - - (y€ OII S9 [z 8t - "SI O #2 #'1 - 20-39
N (N H ) () () (2) (%) :
pup ds pup pujp ds sg2  ps U6 4) 00 WD OSOA N-PN LI0 L0000 101 UZ qd IN U BH L3 m 2 p) by
oM™ WNOVANI “108 T-V-N-¥ H-ID-3-W °"¥ISIQ °"SAHd S-1-N-¥-1-0-1-1-0~d S=T-V-1-3-H A-A-¥-3-H Yis

(<01 Aq .{|dj3tmm = 5 tpa30U IS}MUIYIO SSILUN “Im Aap B)/6m u} sanpea)
“SYIAL3IWYYYd WOIS0W0I8 HIIM VIVQ INIWIG3S 30 NOSTUVAWOD AYVMNS “T-T1°¢ @1qeL

3SN3dXd LNIWNYWIAODD LV Q3DNULHdIY



*(SINIT G31100 A9 G3ANNOS WY €-1°€ 378YL NI G3SN SNOISIAIQENS HOGYVH IHL NI Q3QNTINI

SNOILVLS) AYVNLSI ANV NISVS ISYNIVYQ YOSYYH Tdv3d NI SITdWVS INIWIQ3S GNV -110S 40 NOILWI01 “L-L°€ 34nb

1334 N1 21¥DS

p—
0009 000t 0

IIVMYH ‘NHYO "HOGUVH TYV3d

INNVHI HINOS ON
H301 L1SYIHLINOS

0z0m
K301 1S3M ¥3ddN gpc30
0l10M O

(o]
oM

QO0riM o ozm

* (011 Y011
9cil €01l

" SWVINLS

033 K301 1SV3 M3ddN

013
o

0ZS9 ns9
8189 €189
1S9 Us9
9159 1us9

H01
82510 ;0% 31001W ¥3dd

6059\, Locom

9038
o §83

) 1k Y

L4

4

3.1



TN
o

The mercury procedure, given in Reference 3.1-5 1is briefly as follows.
Five gram samples for mercury analysis were placed in a 250 ml round bottom
flask with 10 ml of concentrated HNO; and refluxed aently for 2 hours using
a water-cooled reflux condenser approximately 2 feet long. After refluxing,
the sampie and reflux column rinse was filtered through Whatman No. 2 paper
into a 100 ml1 volumetric and made up to volume. Aliquots of this final so-
lution were analyzed by atomic absorption using cold vapor technique and a
mercury hollow cathode lamp.

HEAVY METAL RESULTS

The results of the Data Base measurements are presented in highly con-
densed form in Tables 3.1-1 through 3.1-3. Table 3.1-1 presents all sedi-
ment measurements made at the bio-stations together with a summary of perti-
nent biological data taken from Tables 2.2-5 and 2.3-5. In the lower sec-
tion of Table 3.1-1, correlation coefficients between these biological data
and each of the sediment measurements are given. As reported previously (Re-
ference 3.1-6), the benthos community s;hows poor to moderate negative correla-
tion with heavy-metal burdens in the sediment. Of the 10 metals reported, Cu
and Hg show the strongest necative correlation. For the remainina parameters
reported by the Data Base, there seems to be 1ittle to no meaningful correla-
tion, although a case might be made for moderate negative correlation between
micromollusca and chemical oxygen d